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FOREWORD 

This research,  completed by the Fort Knox Field Unit of the U.S. 
Army Research Institute for the Behavioral and Social Sciences   (ARI) ,   is 
part of an overall effort under Work Unit SIKTEST to develop a methodol- 
ogy  for deriving valid simulated performance tests and a set of guide- 
lines that Army item writers and test developers can use  in preparing 
skill qualification tests  (SQTs).     This report describes efforts to de- 
velop an audiovisual simulated performance test using 35nm slides as  the 
stimulus presention mode. 

The  impetus for the project was Human Research Need   (HRN)   76-181 
submitted by the Training Management Institute   (TMI)  of TRADOC.    The 
project is part of Military Personnel Performance Development and As- 
sessment   (project 2Q763731A770,   Program Element 637 31A,  Task A).    The 
RfcD coordinator was MAJ Douglas W.  Smith. 

The Army Research Institute expresses appreciation to MAJ James S. 
Gary and SSG Herman E.  Hill,   1st Training Brigade,  Fort Knox,  Ky.,   for 
their support and cooperation throughout the project. 

& 
J0SEPH ZEIDNER 
rechnical Director 



SUMMARY 

Military Problam 

Through the creation of the Enlisted Personnel Management System 
(EPMS) the U.S. Army is currently replacing Military Occupational Spe- 
cialty (NOS) tests with Skill Qualification Tests (SQTs). These tests 
will be used to validate the competence of enlisted personnel at five 
levels of skill within their MOS and will be made up of (a) a written 
component to verify a soldier's knowledge of the job, (b) a hands-on 
component that evaluates how well the soldier can perform the job, and 
(c) a performance certification component that allows the supervisor to 
declare how well the soldier can perform tasks not covered in the other 
two components. 

In developing SQTs Cor each MOS area, the Individual Training Eval- 
uation Directorate (ITED) responsible for the SQT system has encountered 
problems of high cost, difficulty in maintaining test standardization, 
and the fact that many critical job tasks cannot be simply translated 
into job performance tests.  Some tasks specify terrain, equipment, or 
material requirements that are unavailable, and other tasks require con- 
ditions so hazardous as to preclude such testing altogether.  Also, Test 
Development Agencies (TDA) often lack experienced and technically quali- 
fied test developers.^  \ 

Objective 

This research examined the feasibility of using audiovisual simu- 
lated performance tests as an alternative to hands-on performance test- 
ing. Knowledge from this effort would contribute to the data base for 
(a> developing the methodology for development of valid simulated per- 
formance tests, and (b) evolving a set of guidelines that can be used by 
Army item writers and test developers responsible for SQT development. 

, Approach 

First, an audiovisual simulated performance test was developed for 
the tasks of removal, disassembly, assembly, and Installation of the 
105mm Main Gun (M68) breechblock mechanism. Second, a performance check- 
list was developed for each task to collect hands-on criterion data. 
Third, an interrater reliability study was conducted using the perform- 
ance test criterion. Fourth, a comparison study was conducted between 
the simulated and actual performance tests. Fifth, based on the results 
of the comparison study, a methodology for development 01  audiovisual 
simulated performance tests was formulated. Sixth, based on the method- 
ology, a shortened form of the breechblock tests was prepared and com- 
pared with hands-on performance.  Seventh, a second audiovisual simu- 
lated performance test on the coaxial machine gun (M73/219) was subse- 
quently developed by the methodoloqy and also compared with handu-on 



t«»t   poi (on>wino«>.     Th««  l^ittei   IVM  tasks wore direc-ti»d  tow.ml evdluation 
of  .isptn'fa of tho  tost dovrlopinMit   mothcHloJogy. 

Hmtmritla 

Tho br»«chblock AudiovisiMl  simulated teats were basod on a de- 
tailed .malysis of behAVioral •laments required  in each pot forrnanro 
step.     Test questions were  related to the part,   action,   tool,   location, 
and  result of each step and were nequenced to maintain a  sense of per- 
formance continuity in the simulated test.    Response alternatives for 
each three-choice  item were represented by black and white photographs 
reproduced on JSmn slides.    Questions on audio tape synchronized with 
the slide presentation. 

Short-form test versions omitted many of the items, retaining thoso 
identified as "critical" for successful task performance and interveninq 
items required to maintain task continuity. "Critical" items were thoso 
that could involve (1) injury to personnel, (2) damaqe to equipment, and 
(J) direct impact on ultimate completion of the task. 

Cht«i-kiists for hands-on performance tests  included the behavioral 
elements used M a basis  for the audiovisual  simulated tests.     The check- 
list   format  highlighted elements corresponding to simvslated test   item«. 

Results 

Critical Items.    Acceptable interrater reliability was obtained 
with tho hands-on checklist only when performance was scored as number 
of errors on critical  items.     Performance on both hands-on and audio- 
visual  simulated tests was measured by critical item errors throughout 
the subsequent research.     Zero critical errors was categorized as a 
passing  score for both  types of  test. 

Validity of Audiovisual Simulated 'Jests.    The relationship betwrun 
.audiovisual simulated and hands-on test performance was high  in most 
c.ises and was significant when three categories of audiovisual test per- 
rorm.inco   (Pass-Border 1 ine-Fail)  were compared to pass-fail performance 
on  the hands-on test.     Th» only exceptions occurred when very few hands- 
on test  failures were obtained,   so that the variation in performance was 
artificially restricted. 

Screening by Audiovisual Simulated Tests.    Tha nature of the rela- 
tionships found between audiovisual simulated and hands-on test perform- 
ance indicated that the simulated test could be used to screen groups of 
examinees to identify qualified personnel.    Examinees making no critical 
errors on the simulated test  (Pass group) had a high probability of pass- 
ing the hands-on test.    Chances of passing the hands-on test declined as 
tho number of critical errors on the simulated test increased in the 
Borderline and Fail groups.     In general,  the audiovisual  simulated  tests 
were more difficult  than the corresponding hands-on test. 

iv 



Usinq audiovisual simulated tests, a decision to pass an examinee 
was found to have no more risk of error than would result from use of a 
hands-on test.  The Borderline and Pail groups on the audiovisual simu- 
lated tests were found to contain many false negatives, i.e., examinees 
that pass the subsequent hands-on test.  Despite this fact, however, 
evidence was obtained that a prior audiovisual simulated test predicted 
subsequent hands-on performance at least as well as a prior hands-on 
test. 

Transfer Effects. Audiovisual-simulated testing did not produce 
any measurable positive transfer to subsequent hands-on performance. 
Therefore, transfer effects could not account for the difference in 
difficulty between the two forms of testing.  Transfer from hands-on to 
audiovisual-simulated test performance was obtained for one task. 

Greater learning would be expected in hands-on testing resulting 
from sources of intrinsic feedback.  Such sources are much more limited 
in the audiovisual simulated test, and little learning can be generally 
expected with such tests.  In cases where it is desirable to avoid learn- 
ing effects, such as repeated assessment of individual task readiness 
levels in units, or repeated testing to determine the time-trend of re- 
tention loss, audiovisual simulated testing may offer significant advan- 
tages.  However, because of the difference in difficulty between simu- 
lated and hands-on tests, the audiovisual test will tend to underestimate 
actual level of hands-on performance capability. 

Conclusions 

1. The development of reliable and valid hands-on and simulated 
methods for performance testing should bo based on detailed behavioral 
analysis and identification of performance elements critical to task 
performance. 

2. Validated audiovisual simulation tests may be used to supple- 
ment or replace hands-on testing for low-skill procedural tasks in in- 
stitutional and unit training settings. 

3. Comparison of performance on audiovisual simulated tests and 
hands-on tests may be used to identify particular elements of skill in 
procedural tasks.  Partial hands-on tests of skill elements may then be 
combined with an audiovisual simulated test of nonskill elements to form 
a synthetic test for the task. 

4. Lack of transfer from audiovisual simulated test performance to 
hands-on performance suggests that the simulated tests may be useful in 
repeated assessment of unit readiness levels and time-trends of reten- 
tion loss for individual Soldier's Manual tasks. 

^ 
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-nit DKVEI^PMKNT AND VAMUATKW OF AUDIOVISUAL SIMULATED 
THRKORMANCE TKSTS USING 3SfM SLIDES 

INTRODUCT1CN 

Bac-kij round 

Military Problum.  The Enlisted Personnol MAna^ement System (EPMS) 
has been designed to meet Army requirements fur manpower and the needs 
ot individual soldiers for career proqiession.  Apart from the career 
progression portion of the EPMS, a comprehensive testing program is in- 
cluded to validate the competence of enlisted men at five levels of 
skill.  The testing proqrai:. requires the replacement ot paper-and-pencil 
MDS tests by Skills Qualification Tests (S£>Ts) that emphasize hands-on 
pertomanct» testing.  The impetus for this chanqe can be attributed to 
the Brown Board Study (19Mi), which found the Amy's Enlisted Evaluation 
System to be inadequate to assess MOS job skills, and the establishment 
m 1971 of the Combat Arms Training Board (CATB) by the Board tor Dy- 
nanuc Training (the Gorman Board).  These boards concluded that (a) 
paper-and-pencil tests of hands-on skills are low in validity, and (b) 
verbal tests are unfair for certain enlisted personnel who are highly 
skilled in their respective jobs but low in verbal ability. 

Under the new Mi)S evaluation proqram, S^Ts are being developed that 
are not only performance-based but also criterion-referenced.  The S^Ts 
are performance-based in that soldiers will be required to demonstrate 
that they can in fact perform each key task of the 30b, and criterion- 
retorenced in that successful performance is based on established task 
standards, not on comparison with other soldiers tested.  In addition to 
those requirements, SQTs are to be group administrable; measure the pro- 
tessional competence of the soldier; serve the needs of personnel manage- 
ment; be perceived by the soldier as fair, equitable, and relevant; and 
be inexpensive to develop and administer.  Based on their SQT results, 
soldiers will be verified at their present MOS skill level (Verification 
Score), qualified for award of the next skill level (Qualification Score), 
or required to retake the SQT the following year.  Failure to pass the SQT 
the second time, however, may result in a reduction in rank, an MOS re- 
^lassification, or the establishment of bars to reenlistment. 

Research Problem.  To aid in the transition to the SQT program, 
numerous studies of performance testing have been conducted. These ef- 
forts have included studios on task analyses, the development of perform- 
ance measures, the development of performance tests, and the development 
of criterion-referenced tests.  Despite these efforts, critical problems 
have surfaced.  For example, Enqel (1970a and b) and Engel and Rehdor 
tl970^ reviewed arguments against the use of performance tests for pert 
or all of the MOS battery.  They felt the exclusive use of performance 
tests would be too costly and impractical in many MOS.  Occhialini (1972) 
also noted that performance tests are extremely dilficult to prepare and 
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ditaimsttr  and aro ot   quest ion<kbl« vali-lity   ID  a  variety  or   situations. 
The   Individual   Trainuiq  Evaluation  Directorate   (ITEL-)    tes|.or\s ibli-   for 
impleaent inq  and   a>lmini.st«i ing   the SfT  system  has  entountertd more basic 
problem»   (Osborn  et  al.,   197?).     In  addition   to  the  hiqh  cost  and  <iiff   - 
culty   in maintaininq   standardization,  many   job  tasks   cannot  bo  simply 
translated   into  hands-on  performance  tests.     So««  tasks  specify  terrain, 
equipment,   or materiel   requirements  that  are  unavailable,   and other 
tasks   require  conditions of  performance  that   are  so  hazardous  as  to pre- 
elude such testing altogether.     Other tasks contain  such  lenqthy or 
transient  task behaviors  that adequate measurement   is  extremely diffi- 
cult,   if  not  impossible.     Moreover, Test Development Agencies   (TDA)   re- 
sponsible  for developing  the SQTs are made  up of personnel who often   lack 
the experience or qualifications needed to prepare hiqh-quality SQTs. 

Relevant Research.     For  the past  10 years,   research scientists in 
the Advanced Systems Division at Wright-Patterson Air  Force Base,  Ohio, 
have also been   investigating the use of  formal measuring devices to as- 
certain the  30b proficiency of military personnel.     Results based on an 
analysis of maintenance performance evaluation   (Foley,   1974)   confirm the 
findings  reported by  the Army's Brown Board;   that  is,   there  is  little 
relationship between  success on paper-and-pencil  and  theory  tests and 
ability to perform maintenance tasks on the  job.     Moreover,  most train- 
ing programs contain  subject matter unrelated  to the  ability of the  in- 
dividual   to perform critical  job tasks.     Consequently,   increased efforts 
were directed at   replacing paper-and-pencil  tests with criterion- 
referenced  30b performance tests and elimination of   irrelevant course 
content.     The Air Force,   like the Army,   has experienced critical prob- 
lems   in  shifting  to performance-based training and testing   (Foley, 
1974).     Equipment,   tune,   and personnel costs,   both in   traininq and 
testing,   are extremely expensive. 

Proposed Solutions.     Reactions to the  interservice problems of 
paper-and-pencil   tests versus  job performance  tests have  resulted  in 
several  research efforts.     For example,  Glaser and Klaus   (1962)  have 
suggested  that proficiency measurement techniques may be  loosely cate- 
gorized on  the basis of  their remoteness  from actual   job performance. 
This remoteness may be due to differences  in  the   (a)   elicitinq stimuli, 
(b)   the behavior  elicited,   or   (c)   both stimuli  and behavior.     Thus, 
paper-and-pencil   tests and actual  job performance represent extremes on 
the  remoteness continuum.     Between these extremes are  test  situations 
that call   for actual   10b performance outside  the real  environment or 
that  attempt to  simulate  the job task while offering affective control 
of  the  factors that  in  "real"  situations are  likely  to interfere with 
reliable and valid measurements. 

As one solution,   Engel and Rehder   (1970)   have advocated a mixture- 
ot-measurement  technique  to include combining work samples,   simulated 
tests,  peer ratings,   and paper-and-pencil  tests.     Their evidence shows 
that   (a)   paper-and-pencil  tests can be used to measure cognitive  items, 
(b)  work samples or simulated tests can be used to measure manipulative 



items,  and   (c)   peer ratings can be used to measure social,   leadership, 
and overall ability. 

Similarly,   Osborn   (1970)  has suggested  the development of synthetic 
tests,   i.e.,   tests conceived of as  job performance tests  that have been 
degraded to some degree  in the range of task elements covered or in the 
fidelity of stimulus/response features.    The continuum is bounded by 
paper-and-pencil  tests at one extreme and by  job-sample  skill tests at 
the other.     Within this continuum,   a broad range of possible testing ap- 
proaches can be  constructed.     Recently,  Osborn and Ford   (1976)  explored 
knowledge testing of  low-skilled psychomotor  tasks and synthetic tests 
of skilled psychomotor tasks with Army personnel.     For psychomotor tasks, 
the data strongly supported the hypothesis  that performance on low-skill 
procedural tasks is mediated by knowledge.     The knowledge mediating per- 
formance,  however,   is not  the kind usually  tested  in paper-and-pencil 
tests,  but is  knowledge pertaining directly  to performance of the task. 
They also showed that the Picture Choice method of testing such knowl- 
edge demonstrated a high correlation with hands-on  task performance that 
was relatively  constant over a range of mental  ability;   this method  is 
preferred by  the soldiers over other methods of pictorial testing.    For 
skilled psychomotor tasks,   the studies indicated that valid test results 
could be obtained despite a  substantial reduction  in external  feedback 
fidelity. 

To develop empirically valid symbolic test substitutes  for military 
maintenance tasks,   several alternative methods have also been examined 
by Shriver and Foley   (1974a)   at various  levels of sophistication.    For 
example,  the Multiple Alternative Symbolic Troubleshooting Test  (MAST) 
(Grings,   Rigney,   Bond,   & Summers,   1953)   and the Tab Test   (Crowder, 
Morrison,   & Demaree,   1954)   were studied and   found to be   likely candi- 
dates for performance test substitution if  Increased realism could be 
provided.    At  their present stage of development,  however,  such tests 
wore not recommended by the authors as substitutes  for hands-on testing. 
With these experiences,   follow-on efforts were initiated  to develop and 
validate both graphic   (Shriver & Foley,   1974b)   and video   (Shriver, 
Hayes,   & Huf hand,   1974)   symbolic substitutes  for which a  job task per- 
formance test  had been developed.     Based on  the results of these ef- 
forts,   it was  concluded by the author.s that   (a)  video should not be 
further considered as a testing medium for performance analogues and 
(b)   that future efforts be directed toward developing and refining 
graphic symbolic substitute tests. 

In agreement- with the results of Osborn and Ford   (1976),  Shriver 
and Foley   (1974b)   found that graphic tests were most valid for low-skill 
fixed-procedure  tasks,  while  lack of dynamic  feedback  in the graphic 
symbolic displays created problems in branching procedure tasks,  such as 
electronics alignment and  troubleshooting.     Graphic substitutes appeared 
to have no validity  for high-skill  tasks  such as soldering. 

Conclusions  from Previous Research.     In  assessing  th^ current state- 
of-the-art in   testing,   it   appears that actual  performance  testing may be 
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ill .»st u.«l ly   liitut«>c1   in  «cop^ durlnq  tho r.u ly   stAqos  ol   }\)T  (lov«,Jo|iim,'il. 
l.imiliHi ri'Mouni's  tt> .tdmxniatnr  pwrlonnrtiici' te.stn,   plvm  tho  roq\UM,im,tit 
lor  rcisonabl«-  ;il«nd.irdlErtt Ion of Army-wui» AdminiBtrnt ion,   rewtricta 
t h«t .«nHumi   of  pi<i f ovuMnco  tsatlnq.     To m<>oi   tho «iom.inilM   imix^Mpd by  Kl'M:. 
for  crtrooi   proqipsulon b«ti«d on damonMtratsd ability io pi«rforn\   Indlviil- 
u.i I   job (oqiilt omotit M,   a t\oi«d exiata  for an altarnat ive evaluation ayat^n 
thrtt  would raquiro  fewer reaourraa yet remain  faithful  to  the OOlWpt ol 
per(otmnpce-bnaod  evaluat ion. 

Simulated performance  taat«,   conceived of  aa  Job pel formanci.' tostr, 
that   havo been deqradod to .some optimal   level   of  teat  of f ici«-ncy,   show 
promise an an alternative.     Thene testa ro(|uire  fewer peraonnel  nnd  lo»« 
equlpmiMit   to administer,   use a   relatively smaller amount   of   toatmq time, 
an*4 permit  romprehensive performance evaluation   (not  junt   the   iob «am- 
pi Inq of critical   tasks or Key elements)   as the hasla for  promotions, 
rew.irda,   ot   failures. 

RoMcuih  Dbje   < ivo 

To  further   »levelop and  empirloally  verify   simulateil  porformaine 
touting  .is  an altarnat ive   to hands-on   (HO)   performatue  test inq,   n-seucli 
was devisod to   (1)   develop the methodoloqy needed   for  the derivation of 
valid simulated performance  tusts,   and   (2)   provide a  set of  quidolinns 
tor Army  item writers and SQT developers.     The objective was  to develop 
an  audiovisual   simulated   (AVS)   performance teat   (35nan si idea  and audio- 
tape)   and  then validate  its utility aa an alternative or  symbolic sub- 
stitute  for «ctual HO performance taatinq. 

MM arc h^ Approach 

Research was  conducted   in  three conaecutlve  phases;      (l>   Devolop- 
ment   of  .»n AVS Porformance Test,   (II)   Evaluation of  an AVS  Performance 
Tost ,  and   (III)   Pevelopment  and Evaluation of  Short   Form AVS  rerform.incr 
Tosts. 

The 
bo low. 

■.per* fie approach for each phase of the resrarch is described 

PEVELOPMENT OF AN AlIDIOVISUAb SIMUTATKD PERFORMANCE TEST 

A^'j^roacli 

A two-step approach was  taken to develop a  simulated performance 
tost.     Tho first   step was  to  Identify the and-of-cycle   (EOC)   performance 
requirements  for  an armor crewman   (HE)   trainee  complettnq One Station 



Unit Training (OSUT).   This was accomplished by examininq the prcgram 
of instruction (POD for HE OSUT training together with HO performanoo 
in the EOC test currently being used by test evaluation personnel. 

Based on documented training objectives and EOC test conditions and 
standards, each task in the EOC test was fn.alyzed to determine the be- 
havioral steps and elements required for successful performance.  Simu- 
lated performance test equivalents for each EOC performance requirement 
were then developed by (a) identifying the critical behaviors in each 
requirement, (b) developing pictorial multiple-choice test items for the 
behaviors, and (c) putting these tost items on 35mm slides to form a 
"test battery" that would parallel the EOC test for HE OSUT trainees. 
Test questions were tape-recorded. 

The approach reflected the prior research findings on simulated per- 
formance testing and emphasized representation of the actual situations 
that confront n performer during the task.  Four basic principles were 
followed.  First, the simulation test was designed to assess the media- 
ting knowledge directly related to the specific steps and elements of 
the task performance, rather than the factual knowledge determined by 
paper-and-pencil tests.  Second, the performance analogues used to pro- 
vide the stimulus material for the simulation test were designed to pre- 
sent the behavior from the perspective of how the trainee would perform 
the task, and not from the perspective of a "second person" performing 
the task.  Third, questions used to provide the response stimulus were 
designed to require trainees to respond in terms of what they would do, 
rather than what they think the person in the picture should do to per- 
form the task.  Fourth, the questions were designed to closely parallel 
the temporal flow of events in task performance, maintaining a subjec- 
tive sense of continuity in the simulated tost. 

Procedure 

Development of AVS Test.  The majority of tasks in the EOC test 
were determined to be low-skill, fixed-procedure tasks.  The EOC tasks 
identified for the HE OSUT trainee were analyzed in terms of the se- 
quence of subtasks and behavioral steps required to perform a task.  The 
requirements of each step were then analyzed in terms of the specific 
action (A) beinq performed on a specific part (P), in a specific loca- 
tion (L), with a specific tool (T), and a specific result (R) .  This 
categorization represents a simple conceptualization of the elements of 
knowledge about task performance that are acquired and stored in memory 
as a direct result of HO practice with machine-dependent, fixed-procedure 
tasks.  Each of these elements of subtask performance (r, T, L, A, R) 
were then photographed in black and white with two similar elements for 
use as individual test item distractors.  Together, these three alterna- 
tive multiple-choice test alternatives were pasted up on blue background 

HE OSUT training combines Basic Combat Training (BCT) and Advanced 
Individual Training (AIT) into one 13-woek program. 



matt<ii<i1, photoqraphed usinq V.*m  color film, and  pnik«v|fii »n 2"  x 4M 

pl.iwtii slid««.  An .miiu script was prepared to ci>n\pU'tp t lu »imulatrd 
pert orm.uii.« test . 

Alter .ill slide test maturials wer« developed for the EOC tasks, 
one BOC  station was selected for evaluation ot the simulated pel form- 
ance test methodology.  The BOC tasks »elected involved removal, dis- 
Aiir.L'mbly, assembly, and installation of the lObtnm (N68) Main Gun Dreech- 
block nuv haiusm.  These tasks were selected because of the total amount 
of time, personnel, and equipment required durinq the EUC to test indi- 
vidual trainees. Currently, about .  minutes are needed to HO tost one 
man in one tank by one test evaluatot. To complete the tcstinq ot 200 
men in the time allotted for BOC, five tanks and five evaluators are ie- 
quiied for 13 hours, allowinq for retests and occasional slack time be- 
tween trainees.  Since EOC testinq for an OSUT company is conducted 
nearly every week, approximately one cadre man-year is expended pel year 
to test those tasks.  Evan qiven this expenditure, each man is tested 
only on two of the four task«, either removal and disassembly, or asKemldy 
and installation.  The additional resources required to test all four 
tasks wore considered co be prohibitive. 

Content Validation.  Havinq selected the task, several subject mat- 
ter experts (SMEs) were obtained for content-validation of Lh« test ma- 
terials.  The SMEs were OSUT cadre assigned to test and evaluation 
duties.  Each SME checked (a) the performance descriptions to be certain 
that they were properly derived from th« analysis of what th« trainee 
must know and be able to do to perform the task, (b) the part-location- 
Lool-action-result elements to be certain that they were correctly iden- 
tified fot each stop in the procedure, (c) th« t««t questions for face 
and content validity, and (d) the verbal content of individual test 
questions to insure ihoy would not be misinterpreted by the trainees. 
Any difference« of opinion noted durinq the content validation were re- 
solved by refer once to the appropriate technical manual for the tasks 
(TM 4-2350-215-10).  Chanqes resulting from thi« «ffort wer« made as 
required. 

Critical Errors.  Alonq with the content validation of the simula- 
tion tost materials, the SMEs were asked to identify the behaviors that 
they thought were most critical to successful performance Of the task. 
A task behavior was considered critical if injury to personnel or damaqe 
to equipment resulted.  Other critical behavior« included errors loadinq 
to (votential malfunctioninq of equipment, a« well a« behavior« consid- 
ered most difficult to perform a« evident by high error rate«. 

Pilot Testing.  With a draft version of the simulated performance 
test materials for the breechblock task completed, a pilot teating of 
the simulation test was conducted.  Five OSUT trainee« who successfully 
completed the EOC test requirements for the breechblock were obtained 
from their company for a 2-hour period. During this time they were in- 
dividually tested on all four tasks.  Problems observed or reported by 
the trainees during these tcRting sessions were subsequently reviewed 



with the SMEa.  Any additional changes or revisions to the teat mateiials 
were then made to match the simulation test items with the actual per- 
formance requirements. 

A second pilot test of the materials was subsequently conducted us- 
ing the revised test version. Seven trainees who completed the HE OSUT 
EOC performance test on assembly and installation of the breechblock 
mechanisms were retested 4 days later using the simulated performance 
test.  A similar effort was conducted with seven trainees previously 
tested during their EOC on breechblock removal and disassembly.  Based 
on the results of these tests, the simulated performance test items were 
revised and the test was finalized.  The test questions for each of the 
four tasks were then recorded on 60-mlnute audio-tape cassettes and syn- 
chronized with the corresponding test slides by means of a TELEX Cas- 
sette Slide Sync Recorder/Player.  A set of trainee test directions was 
similarly recorded to Include a practice test on the coaxial machine gun 
(M73/219).  The purpose of the practice test was to familiarize the 
trainees with the testing procedures and the type of slide-tape test be- 
ing administered. The response instrunent selected for the test was a 
Monroe 326 Scientist calculator, modified to permit a trainee to enter 
an A, B, C, or D response by (a) pressing the numbers 1, 2,  3,  and 4, 
respectively; and (b) pressing the start/stop button to record this an- 
swer on tape. Labels were fixed to the 1, 2,  3,  and 4 calculator keys) 
unused keys were blocked by a cover constructed for that purpose. 

Materials Developed 

Test directions for the AVS performance test for removal, disassem- 
bly, assembly, and installation of the 105mm Main Gun (M68) breechblock 
mechanism is presented in Appendix A.  A paper-and-pencil copy of the 
test is also shown in Appendix A.  This test consists of 205 slides and 
takes approximately 1 hour to administer, with about 10 minutes allowed 
for giving the test directions, the practice test, and answering trainoe 
questions.  A breakdown of the number of test items per task and the 
number of test itenrn identified as critical for successful task perform- 
ance is shown in Table 1. 

Table 1 

Number of Critical  and Continuity Test  Items per Task 
for 105imn Main Gun   (M68)   Breechblock Test 

Breechblock tasks Critical 
Test   items 

Continuity Total 

Ri «mova I 
Disassembly 
Assembly 
Instill lation 

Total 

7 
3 
5 
5 

20 

6S 
21 
« 
67 

1H5 

7.; 
31 
U) 
72 

.H)5 

i 



II:  KVM.UATION OF THE AVÜ PERFORMANCE TEST 

A.  DEVELOPMENT OF HO PERFORMANCE TEST CRITERION 

Approach 

In an earlier research effort by Cockrell (1978) in which television 
was used as the stimulus input to simulated performance testing, the cri- 
terion tests administered by test and evaluation personnel during the EOC 
period failed to provide the needed comparison measures against which to 
validate the simulated performance test. The "NO-GO" rates were simply 
too low to permit any relationship to be obtained. Several reasons were 
offered as possible explanations.  Low "NO-GO" rates are consistently re- 
ported tor most EOC tests. For example, a recent sample of 150 HE OSUT 
trainees failed only 3.9% of 52 EOC performance measures (ARTS, 1978). 

Low failure rates may result from highly effective training, un- 
doubtedly the case for certain tasks. However, direct observation of the 
EOC testing suggests that the reported performances overestimate the com- 
petence of the HE trainee population for certain other tasks.  The mili- 
tary test personnel responsible for EOC testing often appear to lack the 
training, testing instruments, and/or objectivity needed to collect re- 
liable hands-on performance measures.  It was evident that the standards 
tor the breechblock tasks were generally ignored or liberally interpreted 
by the evaluators.  It was also observed that many of the teat  perscinel 
conducting the evaluation were the Sam* personnel directly responsible 
for the specific training that was being evaluated. Although these test 
conditions might be acceptable during task training, they are clearly 
inapprcpriate for evaluation purposes. To improve the reliability and 
validity of the HO criterion data collected during this research effort 
it was decided to (1) develop a HO checklist for performance measurement 
and   (2) use experienced independent evaluators in collecting the data. 

Procedure 

The initial attempt to develop a HO performance checklist was to 
list each step required to perforw each task and then have the examiner 
merely place a checkmark j.n the colmm corresponding to whether the step 
was passed (GO) or failed (NO-GO).  After several tryouts, this approach 
was found to be too imprecise for the type of simulation test developed. 
Information about specific errors made in task-step performance was not 
available from the checklist, thus making an item-by-item comparison 
with the AVS test impossible. 

To correct the HO data collection instrument, a revised checklist 
w.is developed specifying the particular task behaviors (elements) re- 
quired to perform each task step.  Specifically, this included the P, T, 
L, A. and R elements involved in accomplishing the task steps. This 
checklist was tried out by an ARI staff member together *rith one of the 
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military SMEs who participated in the initial content validation of thf 
AVS tet.t. 

During several data L-oilections usinq this checklist, evdluators 
had difficulty locating and recording appropriate task elemunts.  Conse- 
quently, individual task-step behaviors correspondinq to each AVS test 
itrtm were circled on the checklist to hiqhliqht the^r identification 
during observation of task-otep performance.  In addition, space was 
left before each task step for recording the sequence in which the task 
steps were accomplished, and space was also provided to the tight of 
each task step to write additional comments.  After makinq these chanqes, 
the evaluators still experienced some difficulties in followinq rapid 
sequences of action and in cbservinq actions that were partially obscured 
from view.  Following additional data collection sessions using the per- 
formance checklist, it was concluded that despite the difficulties, ijiven 
the proper training and incentives to collect reliable data, the data 
collection instrument could be used by military test personnel. 

Materials Developed 

A performance checklist was developed for each of the main gun 
breechblock tasks to obtain HO criterion data.  This checklist contained 
a statement of individual task stops, with each step defined in terms of 
the actual behaviors involved specifically in task-step performance. 
Each task-step behavior to be evaluated in performing the task was iden- 
tified by circling the letters P, T, L, A, or R opposite each require- 
ment.  Although total hands-on performance was rated, only those task- 
stop behaviors which had a slide test counterpart were circled for 
performance evaluation. A copy of this performance criterion checklist 
is shown in Appendix B. 

H.  ESTABLISHMENT OF HO CRITERION RELIABILITY 

Approach 

Several alternative methods for deriving scores from the checklist 
record were considered.  During the checklist tryouts, evaluators dis- 
aqieed in identifyinq exactly which elements were involved in a peiform- 
anco error. The evaluators could agree that some error had occurred on 
a step, but not necessarily on what aspect of performance was in error. 
Aqreement appeared to he qreater when critical errors were observed. 
Therefore, scoring methods based on steps or critical items, rather than 
elements, seemed to have potential for providing more reliable (and 
valid) indices of performance. An intorrater reliability study was de- 
signed and conducted to detern.j.ne the reliability of data collected by 
two examiners. The military SME who had participated in the performance 
checklist tryouts was obtained from the 1st Traininq Brigade (S-3) to 
assist an ARI staff member in the reliability study.  Toqether, thesu« 
personnel collected all HO performance test data. 



A company from the 1st Training Brigade was desi^naU'd as the test 
company, from which a sample of trainees were selected.  The company 
designated had recently taken the EOC test on the breechblock and was 
available for additional performance testing. Of the 168 trainees in 
the company, 137 of them had passed the EOC test the first time tested, 
27 passed the second time tested, and 4 passed the third time tested. 

Foi this study, 12 first-time GOs, 12 second-time GOs, and all 
third-time GOs were selected for the testing.  The sample of trainees 
was selected by the company's first sergeant accordimi to the order on 
the EOT test roster until the number of personnel required in each group 
was obtained.  From the sample, retesting was completed with 10 first- 
time GOs, 8 second-time GOs, and 2 third-time GOs (N ■ 20).  To maintain 
the test as it would normally be conducted during the EOC, half of each 
group was tested on removal and disassembly (RD) of the breechblock 
mechanism, and the remaining half was tested on breechblock assembly and 
installation (AD. 

Proceduit 

After being informed of the research objective, each trainee com- 
pleted a one-page training questionnaire (see Appendix C) concerning the 
•mount and type of training received on the breechblock.  After complet- 
ing the questionnaire, trainees were randomly assigned to be tested on 
RD or AI and were given a HO performance test by the two test examiners 
positioned within a single teat vehicle.  The test vehicle used for the 
study was an M60A1 tank with an add-on stabilization system (AOS).  Each 
test took approximately 30 minutes to complete.  Testing was conducted 
for 2 days at the 1st Training Brigade motor pool. 

Results 

The reliability of the HO data collected independently by two dif- 
ferent cvaluators, each with identical HO performance checklists, was 
analyzed by three different scoring methods:  (1) total number of errors 
committed; (2? total number of incorrect steps, i.e., steps with one or 
more error«; and (3) the total number of critical errors committed.  The 
criterion leviil adopted for acceptable interrater reliability was 

r • .80. 

The results of the data analysis are shown in Table 2.  When using 
total number of errors committed as the scoring method, an interrater 
reliability of r - .86 was established for RD and a reliability of r = 
.83 tor AI. When the four tasks were analyzed individually, only breech- 
block installation had an acceptable reliability (r ■ .85), although all 
coefficients are statistically significant. 
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Table 2 

Interrater Reliability Coefficients for Three Methods 
of Scoring Hands-On Test Performance On the 

lOSmn Main Gun (M68) Breechblock Tasks 

Scoring method 
Incorrect Critical 

Task Errors steps errors 

Removal .69 -.02 .79 
Disassembly .74 .80 1.00 

Combined .L.5 .39 .93 

Assembly .68 .64 .84 
Installation .85 .74 .89 

Combined .83 .78 .88 

For df = 8, r = .63 is significant with p = .05. 

Analysis of these data using the total number of incorrect steps 
failed to establish an acceptable reliability between evaluators on any 
of the four tasks, either individually or combined. These results indi- 
cate that the evaluators were no more reliable in identifying errors on 
particular steps than they were in identifying the particular elements 
in error. 

The third method used to score HO performance was to identify the 
number of critical ervors made in task performance. For this measure, 
the interrater reliabilities were consistently higher than those found 
for other measures.  The reliabilities were acceptable for both RD (r = 
.93) and AI (r ■ .88). Only the separate task of breechblock removal 
(r ■ .79) was found to be slightly below the criterion level adopted for 
acceptable reliability. Based on these results, the number of critical 
errors was adopted as the measure of HO performance to be used in subse- 
quent research. 

The difficulties experienced in identifying errors for particular 
elements or procedural steps have important implications for HO perform- 
ance testing.  Even experienced evaluators have difficulty in following 
the details of actions that occur in rapid succession and that may be 
partially obscured from view.  In addition, it is difficult to accurately 
observe and record information on a very large number of details of a 
performance process. The present results suggest that more reliable ob- 
servations may be obtained when attention is focused on a smaller number 
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of flawoMts of  performance  that have been determined  to be  critical  to 
task performance  according to established criteria. 

Suinma i y 

In the four tasks scored by independent evaluators, consistently 
hiqher reliabilities were obtained when performance was measured baseJ 
on total number of critical errors.  Alternative methods of scorinq task 
performance were found to have less or inconsistent reliability.  Diffi- 
culties experienced in identifying errors on particular performanre ele- 
ments or steps indicate that improved HO test evaluation may result from 
focusinq observation on critical errors.  The number of critical errors 
was used as the primary criterion measure of HO oerformance throughout 
the research as reported later in this paper. 

C.  COMPARISON OF AVS VERSUS HO PERFORMANCE TESTING 

Approach 

A research design involving two groups was used to compare the AVS 
test with HO test performance.  Table 3 shows the sequence of tests envon 
to each group.  In Group A, HE OSUT trainees were ailministered the AVS 
tost followed by the HO test. Within this group, half of the trainees 
took the test on the breechblock removal and disassembly (RD) taskr., and 
the remaining half took the test on assembly and installation (AI) tasks. 
In Group B, trainees were administered the HO test first, followed by 
the AVS test and a second HO test.  Again, half the trainees took the RD 
test, and the remaining half took the AI test.  This arrangement per- 
mitted an examination of possible transfer between HO and AVS tests, 
whereas AVS data from both groups can be combined in predicting subse- 
quent HO performance. 

Participants were 112 HE OSUT trainees.  Sixteen trainees awaiting 
their EOC examination were obtained from each of seven censecutive OSUT 
companies over a 10-week period.  For each company, trainees were random- 
ly selected approximately 3 days prior to testing and randomly assigned 
to Group A or B. 

Procedure 

The testing procedure used throughout the study was to gather all 
the trainees together immediately prior to testing and inform them of 
the research effort.  Privacy Act requirements were explained, followed 
by the administration of the one-page training questionnaire used during 
the interrater reliability study (see Appendix C).  After all question- 
naires were completed, each trainee was given a 3" x 5" card containing 
his testing schedule and directed to his test station.  The two trainees 
to be immediately HO tested were directed to Tank 1 or Tank 2, and the 
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Table 3 

Experimental Design for Comparison of Simulated 
Versus Hands-On Test Petformance 

Group Tasks 
Test 

AI 

Ai 

30 AVS HO -- 
J8 AVS HO -- 

JO HO AVS HO 
28 HO AVS HO 

RD - Removal and disassembly of the breech. 
AI - Assembly and installation of the breech. 

AVS ■ Audiovisual slide test. 
HO » Hands-on performance test. 

two trainees to be AVS tested first were directed to the testing room. 
All other trainees were sent to a holding area and placed under the 
supervision of an NCO. 

HO Test.  For the hands-on performance evaluations, the ARI and 1st 
Training Brigade test examiner were each assisted by a tank commander 
(TC) from the company cadre and known by the trainees. When a trainee 
entered the tank he was informed of the tost procedures by the TC and 
encouraged co perform to the best of his ability and within the time 
standards specified for the tests. Time required to perform the sep- 
arate tasks, as well as the critical and other performance errors, were 
recorded by the test examiners.  After the trainee completed the first 
HO test, the TC told him to report back to the NCO in charge at the 
holding area for additional testing (Group B) or to report back to his 
drill sergeant (Group A).  Trainees passing the HO performance test dur- 
ing the research effort were excused from the breechblock test during 
the regular EOC test period the following day.  However, trainees fail- 
ing the HO test were required to take the EOC breechblock test. 

AVS Test. For the AVS test, two trainees were seated in front of 
a screen with a Monroe 326 Scientist calculator on a table in front of 
them.  As noted earlier, these calculators recorded trainee responses on 
■ continuous cassette tape.  Answers recorded by the trainee could be 
recalled after testing was completed and scored. Test directions pre- 
viously recorded en audio-tape were then played to the trainees along 
with a practice test. During this practice, the test administrator 
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determiruil the ability of the trainees to follow the procedures for re- 
cording test answers in the response device.  Problems in using the re- 
sponse device were corrected before the test began, and trainee ques- 
tions concerning the test were answered. 

After the test began, the only time the AVS test was stopped was 
when an error was made in using the response device.  The ARI test ad- 
ministrator then recorded the intended answer on paper and, if neces- 
sary, advanced the machine to the proper test question. When the AVS 
test was completed, the trainees were sent to the NCO at the holding 
area. 

Scoring and Data Analysis 

AVS test responses and HO performance checklists were scored to de- 
termine the number of critical errors comnitted.  The number of critical 
errors tended to have a J-shaped distribution for both types of tests, 
with a predominance of zero scores.  Given these distributions, and also 
to be consistent with a criterion-referenced testing approach, categories 
of performance were defined based on critical errors. 

Both HO and AVS performance were dichotomized, with zero critical 
errors required for a pass rating.  AVS performance was also trichot.o- 
mized, with zero critical errors required for a pass rating, one criti- 
cal error was a borderline rating, and two or more errors was a fail 
rating. 

The relationship between performance on the AVS test and the fol- 
lowing HO test was examined for both two-by-two and three-by-two contin- 
gency tables.  For two-by-two tables, phi coefficients wera computed, 
and statistical significance was determined by the chi-square test of 
independence.  The correction for continuity was not used in these tests 
(Camilli & Hopkins, 1978). For the three-by-two tables, Kendall's tau 
(T) was computed and tested by the normal approximation (z) with correc- 
tions for ties (Kendall, 1975). 

Transfer effects were investigated by performing chi-square tests 
of homogeneity (Camilli & Hopkins, 1978) between groups.  To determine 
transfer from HO to AVS test, the percentage passing the AVS test was 
compared between Group A (AVS test given first) and Group B (AVS after 
HO test) .  Transfer from AVS to HO was evaluated by comparing the per- 
centage passing the first HO test in Group B (HO test given first) to 
the percentage passing the HO test in Group A (HO after AVS). Finally, 
transfer from HO to HO tests was exanu. ad by comparing the pass rate 
in the last HO test in Group A (HO after AVS) to that in Group B (HO 
after HO and AVS). 

The relationship between practice and test performance was examired 
by comparing the frequency of various types of practice (as reported on 
the training questionnaire, Appendix C) for the group that passed 
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aqainrt   the qroup that  tailed  for each test.     The Mann-Whitney  U-test 
(Sioqel,   1J56)   was perfonned  to determine  the  statistical  significance 
of   the  difference«   in the distribution of   frequencies,   usinq the   larqe 
»ample  normal  approximation   (z)   test  statistic. 

Results 

Comparison of AVS and HO Tests.  The relationships found between 
AVS and HO test performance are smmarized in Table 4, based on two cat- 
eqot ies of AVS test performance, and in Table 5, based on three cateqo- 
ries of AVS performance.  Two-by-three continqency tables (pass- 
borderline-fail) for Groups A and B and the total sample are shown in 
TaL-le 0-1.  The results are described below for each task. 

Table 4 

a b 
Correlation Coefficients  and Teats of Independence 
Between HO Test Performance and Prior AVS (Lony Form) 

Test Performance on 105mm Main Gun (MG8) Breechblock Tasks 

Percentage passing HO test 
Tasks Passed AVS     Failed AVS       * X 

Removal 83.3 52.6        .296        4.91* 
Disassembly 98.0 100.0       -.051        0.14 

v~- 

Assembly 88.2 38.5        .459       11.79** 
Installation0 50.0 46.7        .033        0,06 
installation«3 92.9 67.9        .315        5.54** 

*Siqnificant with p < .05 (one-tailed). 
••Significant with p < .01 (one-tailed). 

Phi coefficients (*). 

Chi-square U ) . 

Q 
Includes skill  element   in scoring 

'Excludes skill  element  from scoring. 
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Table 5 

Correlation Coctficients' «ind Test3 of Significance 
Between HO Test Perfonnance and Prior AVS (Long Form) 

Test Performance on lOSm Main Gun (M68) Breechblock Tasks 

Percentage passing TO test 
T Tasks Passed AVS Borderline Failed AVS z 

Removal 83. 3 65.0 38.9 .479 2 72* 
Disassembly 98. 0 100.0   -.051 0 32 
Assembly   . 88 2 57.1 16.7 .536 3 83* 
Installation 50. 0 50.0 41.7 .050 0 38 
Installation 92. 9 75.0 58.3 .431 2 53* 

'Significant with p < .01 (one-tailed) 

Kendall's tau d) with correction for tied ranks. 

Normal approximation (z) with correction for tied ranks. 

"No trainees made more than one error on the AVS test, so T » ^, 

Includes skill element in scoring. 

'Excludes skill element from scoring. 

Removal. A significant relationship with HO performance was 
observed with either two or three categories of AVS test performance. As 
Table 4 indicates, there was more than an 80% chance of passing the HO 
test when no critical errors were coimitted on the AVS test.  If one or 
more critical errors was made on the AVS test, ctuaices of passing the HO 
test dropped to about 50-50. Table S shows that making more than one 
error was more serious, since the percentage passing for the AVS fail 
group is substantially lower than for the borderline group. 

Disassembly. No significant relationship between AVS test and 
HO test could be demonstrated for this task, since only 1 trainee out of 
56 failed the HO test, and that trainee passed the AVS test. Seven 
trainees made one critical error on the AVS test and were classed as 
borderline, but all passed the HC test, nils task had the lowest nunber 
of AVS errors observed among the four tasks as well as the least number 
of HO failures. 
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Aasembly.  I strong relationship between HO and AVS tost per- 
formance was found fo this task. The correlation coefficients were sig- 
nificant both for two and three categories of AVS test performance. 
Nearly 90% of the AVJ pass group also passed the HO test.  The pcrcuntnge 
was much lower for the remaining trainees.  With more than one critical 
AVS error, less than 20% of the trainees were able to pass the HO tost. 

Inatallation.  Initial analysis of the data (Table 4) indi- 
cated that the relationship between the simulated and performance tests 
was not significant.  Examination of the data for individual items indi- 
cated that a single critical task behavior was responsible for the lack 
of test correlation.  In the AVS test, trainees were to correctly iden- 
tify the number of "clicks" they should raise the breechblock after de- 
pressing the second extractor plunger. Most of the trainees tested 
(85%) correctly identified the requirement to raise the breechblock "two 
clicks." When they were tested hands-on, fewer than half (44%) could 
apply this knowledge. 

Observations indicateo that when the breechblock came under less 
tension, and could therefore bo raised quite easily, the trainees some- 
times failed to control the chain-hoist and raised the breechblock beyond 
the position needed to insert the pivot pin.  As a result, they had to 
lower the breechblock and repeat several earlier task behaviors. Obvi- 
ously, the two test items were not equivalent. Knowing what to do failed 
to guarantee being able to carry out the required behavior. Apparently, 
this task step involved an element of skill not represented in Lho AVS 
item. A hands-on test of this particular skill component is required to 
supplement the AVS test covering the remainder of the installation task. 
Together, the AVS test and the partial HO test would provide a complete 
synthetic test for the installation task. Data on AVS test performance 
including and excluding the skill element is shown in Table D-2. 

Reanalysis of the data without the skill element is presented in 
Tables 4 and 5.  In both cases, there was a significant relationship 
between HO and AVS tests.  Over 90% of those who passed the AVS test also 
passed the hands-on test; about one-third of those who failed the AVS 
test also failed the HO test. The difference between the borderline 
group and the AVS fail group (Table 5) was not as great for this task as 
it was in the removal and assembly tasks, but it was still in the right 
direction« 

Summary.  In three out of four tasks, a significant relationship 
between AVS and HO tost performance was domonstrsted.  For each of these 
tasks, a high percentage of trainees passed the HO test when they made 
no critical errors on the AVS test. The trainee's chance of passing the 
HO test was lower if he made one critical error, and even lower if he 
made more than one error. Over the three tasks, the percentages passing 
the HO test were S7 5% in the AVS pass group, 64.9% in the borderline 
group, and 35.4% in the AVS fail gtoup. Although the relationship be- 
twe .n HO and A'.'.s test performance is far from perfect, it is nonetheless 
quite useful from a practical standpoint. 
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Th«' iH-cuirenco ol   .\ skill  olomont    in  tlu»  instal Int imi task which 
could not   IH* tesUul by tlu» AVS test   is An  important  fiiKlincj.     Comparison 
of   AVS and Hü performanco on critical   itrms provides a methodoloqy  for 
ident ifyinq elements o(   Performance that must  be HO tasted.     When a   larqe 
piopoition ot   trainees pass  an AVS teat  item,   but  a much  smaller propoi- 
tion pass  the coi"reapondinq  HO  item,   a skill  element  is   indicated.     De- 
tailed observations and behavior analysis should then be  conducted  to 
substantiate the presence of a skill element.     For moat of th« ctitical 
nonskill   items   in these  tasks,  a  lesser proportion of  trainees passed the 
AVS   item  than  passed   tho  correB|>ondinq   item  in  the  subsequent  HO test. 
This may  reflect   the diffcrsnce  in stimulus and resjHin.se   fidelity exist- 
ing between  the 110 test  situation and  its representation  in the AVS   items. 

The breechblock assembly task was  found to be very  easy,   so that  no 
relationship between AVS and HO tests could be demonstrated.     However, 
this   t.ir.k was by   far   the easiest  of the AVS  tests   (K'.St   failed)   as well 
as  the WO tests   (2%  (ailed).     At   a  lower  level  of  training,  a   relation- 
ship similar to  that   ot   the  ether tasks might be  found  for  the Assembly 
t ask  as well. 

Transfer,   Practice»   and  Prediction ot  HO Pertomance   from Trsjting. 
The  analyses presented   in Tables   4  and  5  rombined  Croups  A  and H using 
data   from the AVS test   and  the HO test which  followed.     Assessment   el 
tianstei   from the AVS   to HO   test   performance,   and   from HO   to AVS  test 
performance,   is ot   interest   in two respects.     First,  transfer  from AVS to 
HO test might  be res(>onsiblc  for the fact that more trainees passed  the 
HO test   than the AVS  test  in every task.     Second,   transfer  from the AVS 
test,   or  from the  first HO test   In Group B,  might have altered  the  re- 
lat ionship between AVS  and HO tests so that the data were  not  an accurate 
reflection of the "true" relationship that might be obtained if the ef- 
fects of   ttansfoi   could be  removed. 

In the event transfer  is not observed,   the data of Group A And B 
permit   the   investigation of  a  further comparison,   i.e.,  whether an AVS 
tesi    is  less valid than a HO  test   in predicting  later HO performance. 
This comparison bears directly on  the possible utility of  AVS  tests as a 
Mibsit itute  for HO testing. 

One expl -nation  for differences  in taJk difficulty may be  that 
trainees practiced some breechblock tasks more than other  tasks.    Data 
fi om  the training questionnaire were analyzed as a  check on this 
possibility. 

Transfer from Testing.     Results pertinent  to the transfer ques- 
t ions are summarlzed  in Table 6.    When performance on the   first  HO test 
is compared between Groups A and B,   the prior AVS tost  in  Group A appears 
to have raised the proportion passing by 10% to 15%  in the  removal,  dis- 
assembly,   and installation  tasks.     However,   none of  the chi-square tests 
of homogeneity   "or these proportions was significant,  so there  is no sta- 
tistical eviderve  for positive transfer from AVS to HO test.     Based on 
these results,   the practice effect provided by the AVS test   is  small,   if 
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it   «xiat« «t  all. Thoi*>fiMf»,    tt   .UM'« not   Rc>«>m (hat   tiannOi   prfrrlH oan 
rKplain the hlqhet pr« fvurnanv-o obi«erv(>v1   In the HO tont   an ounpatrHl to th« 
AVS  teat.     The AVS tent   appear«  to be a n>-<«npwhat   more dirri>-u1t   forw of 
test inq. 

Table fi 

Praotlo* Kffeot« PicKluv-ed by Prior Testlnq fo» 
lü5mm Main Gun   (M68) Rteeohblook Tankn 

Tank« 

Percentage ^annln^ ft rat HO teet 
Priot AW No prior XVi; 
(Uroup A) (i;ix-N\ip \\) 

Removal 
Oinaaaembly 
Assembly 
Installatiotv 
Installation 

6.1. ,1 
100.0 
J5.7 
39.3 
7S.0 

10.0 1.01 
«B.S \. 6»» 
4i.* C, M 
4;.o 0.07 
60.7 I. U 

Tasks 

P*»roe\<t a^e ^asnUvj  AVS   tent 
Prior  KO N»< prior IIO 
(Urovip \\) (iUvvu» A) 

Removal 
Disaaaembly 
Assembly 
Itistallatton. 
Installation 

34. 6 30.0 0.14 
AH."? B6.7 0.04 
46.4 14. t 6.»4* 
3«». 3 53.6 I. is 
46.4 ',t.«, 0./«! 

Tanks 

Pproentag»» ^anniiui  final  IU> test 
Prior HO,  AVS P» ioV AVJ*'" 

(Urovip ») (i?ro\»p A) 

Bemvwal 
Dinassembly 
Assembly 
Installation. 
Installation 

61.5 
>»6.,' 

71.4 
57.1 
B5.7 

100.0 
35.7 
39.3 
75.0 

0.0^ 
l. IM 
7.1«* 
1.7a 
l.o.> 

•Siqnifioant with p <  .01. 
a. Inolvides skill  rlrmiont   in aoorlnq. 

Kxoludes skill  * lament   rt\>m scoiitiq. 
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'the  lirst  HO tost  did  produce  n  substantial   practice  effect   for  the 
assombly t.ir.k.     This was  found comparincj the AVS  test,   as vo\l  as the 
subsequent HO tost,   between Groups A and B.    The percentage passing was 
over   30% higher for Group B and was statistically significant in both 
cases.     Since the practice effect  that occurred  for both assembly tests 
did not occur for the other tasks,  and there was no substantial  transfoi 
from tho AVS test,  pooling of data on the final  HO test from Group A and 
B  is  justified.    The  relationships demonstrated between AVS  and  HO test 
performance should be reasonably representative of the relationship that 
exists without  repeated testing of the same individual.    However,   the re- 
lationship may have been somewhat strengthened  for the assembly  task, 
since a wider tange of abilities may have been assessed on that  task Lie- 
cause of the transfer effect. 

Prediction of Subsequent HO Performance.     Considering the high 
AVS-HO relationship,   lack ot  transfer from AVS to HO test performance  is 
a  particularly important  finding,   since AVS test  methods may be used to 
assi'ss  the current   level of HO test  ability without having ■  substantial 
effect on HO performance.    The present results indicate that,   qiven the 
number of critical error« on an AVS test,  HO test critical  errors  can be 
expected to be less than or equal to that  number  in most   c.ises.     Thus it 
may be possible to pass those who have no critical errors on  an AVS test 
without giving a more costly HO test,   and suffer no more incorrect de- 
cisions than would be made using a HO test alone. 

Analyses relevant  to this possibility are presented  in Table  7, 
which shows HO test performance as a function of prior AVS test perform- 
ance  (Group A)   in comparison with HO test performance as a  function of 
prior HO performance   {Group B) .     This comparison is only valid  for tho 
removal  and installation tasks where there was no transfer from HO test- 
ing to bubsequent HO performance.     Performance of Group B is biased up- 
wards on the assembly task data,  which showed a significant practice ef- 
fect.    Tho disassembly task is also not relevant,   since only one trainee 
failed tho task.    Tho basic data are shown in Table D-3. 

For both the removal and installation tasks,  the prediction of sub- 
sequent HO test performance tended to be higher from a prior AVS test 
than from a HO test.    The correlations are significant with AVS test 
performance for both tasks and not significant with the prior HO test 
for both taaks.    Surprisingly,  the prior HO tests had no relationship to 
subsequent  HO performance on the removal task. 

ConsiJerinq all tasks,  a pass given on the basis of an HO test was 
nevei much better than a pass given on a AVS test as an  indication ot 
vhe  trainees"   ability to perform the task,   as assessed  in • HO   retest of 
that ability.     In the removal  task,  the AVS test was clearly a better 
indication of  later ability to do the task than w^s the HO test 1    These 
results  indicate that AVS tests,  under some circumstances, may be a more 
reliable method of tosting than HO testing itself.     This  finding re- 
quires additional confirmation  in further research.     In the present 
study,   tho relationship between :I0 tests may have been disturbed by the 
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Tablo  7 

Comparison of Rslationships Batweon 110 Tost   Porformanc« 
and Prior AVS or HO Test Pprformancf» 

With prior HO test, 

Tasks 
percentage 
HO pass 

passing HO test 
HO fail ♦ xJ 

Romoval 61.5 61.5 0.000 0.00 
Disassembly 95.7 100.0 -0.072 0.14 
Assembly 80.0 62.5 0.228 1.40 
Installation 94.1 72.7 0.299 2.50 

With prior AVS  1 test, 

Tasks 
percentage 
AVS pass 

jMSSilUJ HO test 
AVS  fail ♦ x2 

Removal 100.0 47.6 0.498 
.':"£ Disassembly 100.0 100.0 «-c 

Assembly 75.0 •>«>..' 0.209 1.22 
Installation 93.3 53.a 0.454 5.79* 

•Significant with p <   .01   (one-tailed). 

Excluding skill element  trom scoring. 

b 
Not computed,   since no traineos  failed the HO test. 

intervening AVS testing,  even though no not positive or negative transfer 
effect  from AVS testing was observed. 

Training gueationnaire.     Data on the  frequeueier of various 
types of training experiences  are summarised  in Table 8.     In training, 
removal and disassembly as well as assembly and installation are always 
dono together,  so that the frequencies repirtod were idontical   toi* each 
of these pairs of tasks.    The data indicate a similar pattern of training 
in both cases,  with the instructor demonstrating one»»,  each trainee prac- 
ticing twice himself,   and observing other trainoes'about  three  times. 

Interestingly,  the instructor's demonstration is not  reported in 
several instances.     The differences between means and modo« suggest that 
in some cases a little  less training is given on the assemUly and instal- 
lation tasks.     However,   the differonces are not  .sufficiently  large to 
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Table 8 

Frequency of Type* of Practice Reported on the Training 
Questionnaire tor lOSan Main Gun (M68) Breechblock Tasks 

Type of practice 
Removal and disassembly (percentage) 
Mean Mode None 

Observe Instructor 
Observe trainee 
Hands-on practice 

Total 

1.35 
3.02 
2.05 
6.49 

1 
3 
2 
5 

16.4 
3.6 
3.6 
3.6 

Type of practice 

Observe instructor 
Observe trainee 
Hands-on practice 

Total 

Ass—bly and Installation (percentage) 
Mean Mode None 

1.25 
2.95 
1.70 
5.89 

1 
2 
1 
4 

12.5 
0.0 
5.4 
0.0 

r 

account for the difference In difficulty observed between the disassembly 
and assembly tasks. 

Differences In reported training were examined between the groups of 
trainees that passed and failed each task. Only a few significant differ- 
ences were found, and the direction of the differences was not consistent. 
For these data, there was no strong relationship Indicated between amount 
of practice and HO and AVS test performance.  The results of these compari- 
sons are presented In Appendix E. 

Summary 

No evidence of transfer from the AVS testing to HO performance was 
obtained.  On this basis, AVS tests may be used to assess performance 
capability without markedly modifying those capabilities. This finding 
can be expected to gen^süze to other tasks, since the AVS tests provide 
very limited sources of Intrinsic performance feedback. In contrast, 
transfer from HO to AVS test performance and HO performance was found for 
one task (assembly). Transfer from HO testing can be expected to result 
from intrinsic feedback provided by task performance. 



Pradivtion of  HO test  performancü was examined   for tasks that did 
not  show transfer.     Prediction   from AVS  test  performance was as good as 
piediction from HO performance  for both removal and  installation  tasks. 
For the  removal  task,   HO test   results did not predict   subsequent  HO per- 
formance at all. 

Differences in  frequencies of  reported practice were not sufficient 
to account for differences in difficulty among the tasks.     No consistent 
relationship was found between  reported practice and performance on 
either AVS or HO tests. 

III.     DEVKLOPMENT AND EVALUATION OF SHORT-FORM 
A^S  PERFORMANCE TESTS 

With the results of the comparison study supportive of  the simulated 
prrtormanco test developed,  the next phase of the research effort was to 
rniqqest   a methodology  for developing an audiovisual   simulated performance 
ti'St  based on the lessons learned from developing the breechblock AVS 
test.    This methodology is presented  in Appendix E. 

Two major departures  from the procedure used  in developing the 
breechblock test  (long  form)  were considered important.    First, diffi- 
culties experienced  in 35mm photography and production of slides  sug- 
gested that use of instant print  photography in development of a prelim- 
inary paper-and-pencil  test could speed up the AVS test development, 
process.     Second,   the AVS  tests   for the breechblock appeared  to contain 
an excessive number of items,  particularly since many of the   items did 
not  contribute to test validity.     It was desirable to reduce  the test 
length,   if that could be done without compromising test validity. 

To determine the adequacy of the methodology developed  for AVS per- 
formance  rating,  two brief studies were conducted.     In the first  study, 
the AVS  test developed initially  for the removal,  disassembly,   assembly, 
and  installation of the 105mm Main Gun   (MtiB)  breechblock mechanism was 
nuvlified   (abbreviated)  and a final comparison made between it  and  the HO 
performance test.     In the second study,  a short-form AVS performance 
test was developed for a different BOC task and compared with  its HO 
performance test equivalent.    The specific tost development approach and 
procedures  followed   in conducting these studies,  as well   as the study 
results,   are described below. 

STUDY   I:      MAIN i^UN  BREECHBLOCK MECHANISM 

Test Development 

Approach.    Based on  the original   lonq-form AVS test,   it was only 
necessary to carry out  tasks 5,   8,  and  ^ of   the methodoloqy outlined  in 
Appendix F to develop a  shortened   form of the AVS test.     Individual 
slide tost   items which were noneritieal were analyzed;   those   found  to 
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be pASsed by nearly ail trainees tasted during the  initial test develop- 
ment ware excluded from tha revisad AVS test, and tlvse test itama that 
were failed or  foui.d t-o be more difficult were included. The only ex- 
ception to this method was whan test items passed by tha majority of 
trainees were needed to maintain total task tast continuity. 

Materials.  Following this approach, a short-form AVS performance 
test using 35mm color slides was developed for the removal, disassembly, 
assembly, and installation of tha lOSmm Main Gun (M68) breechblock mech- 
anism.  The AVS test consisted of 45 items (slides) and took approximately 
30 minutes to administer, compared to tha 205 items and 1 hour for the 
original test.  This included 5 minutes for teat directions and practice 
testing, 5 minutes for answering trainee questions, and 20 minutes for 
test administration. A breakdown of tha number of test items per task 
along with the nvanber of test items identified as critical for successful 
task performance is presented in Table 9. Appendix G contains the AVS 
test directions and the paper-and-pencil copy of the AVS test and answer 
sheet.  Performance elements corresponding to tha short-form AVS tast 
items are indicated by number on the HO checklist copy also shown in Ap- 
pendix C. 

Table 9 

Number of Critical and Continuity Test Items per Task 
for lOSmm Main Gun (M68) Breechblock Test 

Breechblock tasks 

Removal 
Disassembly 
Assembly 
Installation 

Total 

Test items 
Critical Continuity 

7 9 
3 0 
5 3 
5 13 

20 25 

Total 

Lfi 
J 
8 

18 
45 

Test Evaluation 

Method.  The short-form AVS breechblock tast was evaluated to de- 
termine if the test remained valid after elimination of 78% of the items. 
Two platoons of HE OSUT trainees were administered the test 1 day prior 
to their BOC test. Based on tha results of tha AVS test, 10 trainees 
having the largest numbers of critical errors (mean * 7.4) for RD and Al 
were selected with 10 other trainees having tha smallest numbers of 
critical errors (moan »1.6) for RD and AI.  Five trainees from both 
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the high atnl low error groups were then assigned to one of the two HO 
performance test groups. 

Individual trainees selected  for the study were notified of their 
selection at the start of the EOC  test and told by the NCOIC to report 
to the breechblock station  for testing.    On arrival at  the test station 
they were  instructed by the ARI test examiner to line up behind one of 
two tanks  in alternating task order;   i.e.,   removal-disassembly,   assembly- 
installation.    The test evaluators were  the same  individuals used during 
the  long-form AVS test evaluation  effort.     Procedures  used throughout 
the HO data collection were  the same as  those in the earlier breechblock 
testing. 

Results.    Relationships between AVS and HO test performance are 
summarized  in Tables 10 and  11.     Two-by-three contingency tables   (pass- 
borderline-fail)  are presented in Table 6-1.    Fisher exact tests were 
used to determine the statistical  significance of the relationships re- 
ported in Table 10.    For these data,  small expected frequencies prevent 
the use of chi-square.     In scoring HO tests,   it is a common practice to 
combine performance measures on subtasks,  giving a  "GO"  rating on the 
overall task only if a  "GO"  is obtained  in each subtask.     The usual pro- 
cedure  in the 1st Brigade was to test only on the removal and disassembly 
tasks,  or on assembly and installation,   and to pass the trainee only if 
performance was rated  "GO" on both tasks.    Therefore,   it was interesting 
to determine whether the  relationships between HO and AVS testing was 
maintained  for combined tasks as well as  individual ones.     The  results 
of the short-form test evaluation  for the main gun breechblock mechanism 
are presented below for both  individual  and combined task performance. 

Table 10 

Correlation Coefficients and Tests of Independence 
Between HO Test Performance and Prior AVS (Short Form) 

Tost Performance on 105mm Main Gun (M68) Breechblock Tasks 

Percentage passing HO test 
Tasks Passed AVS     Failed AVS 

Removal 100.0 
Disassembly 100.0 

Combined 100.0 
Assembly G6.7 
Installation 100.0 

Combined 66.7 

14.3 .802 .033* 
83.3 .272 .600 
25.0 .612 .133 
42.9 .218 .500 
50.0 .667 .200 
42.9 .218 .500 

♦Significant with p <   .05   (one-tailed). 

' Phi coefficient   (t). 

Fisher exact probability   (p). 

Excludes skill element  from scoring, 
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Table 11 

a b 
Correlation Coefficients and Tests of Significance Between 

HO Test Performance and Prior AVS (Short For») Test 
Perfomance on lOSan Main Gun (M68) Breechblock 

Percentage passing HO test 
T Tasks Pass«) AVS Borderline Failed AVS z 

Removal 100.0 0.0 20.0 .587 1.74* 
Disassembly 100.0 100.0 50.0 .471 1.30 

Combined 100.0 100.0 14.3 .766 2.24* 
Assembly 
Installation ' 

66.7 100.0 33.3 .385 1.08 
100.0 50.0   .667 1.75* 

Combined 66.7 100.0 33.3 .385 1.08 

•Significant with p < .05 (one-tailed). 

"^Kendall's tau (T) with correction for tied ranks. 

Normal approximation with correction for tied ranks. 

Excludes skill element from scoring. 

NO trainees made more than one error on the AVS test, so t 

Removal.  The results of the data analysis indicated a signif- 
icant relationship between the AVS test and thn HO test based on either 
two or three categories of AVS test performance. All trainees who passed 
the AVS test and were thus predicted to pass the HO test did, in fact, 
pass.  Only 14% (one of seven) of those who made one or more errors on 
the AVS test were able to pass the HO test. 

By way of comparison, these results indicate that the relationship 
of the short-form AVS test with HO test performance appeared to be no 
less than that obtained previously with the long form of the AVS test. 

Disassembly. There was no significant relationship between 
the AVS and HO tests for this task.  The results obtained, by comparison 
with the earlier study, were quite similar in that only one trainee ac- 
tually failed the HO test. Without a certain number of such task fail- 
ures, a significant correlation coefficient cannot be obtained. 
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Removal and PisassemLly (Combiiied). When the easy disassembly 
task was combined with the harder removal task, the correlation coeffi- 
cients were similar to those obtained for the removal task alone. The 
results for the conbined tasks failed to indicate a significant relation- 
ship between the AVS and HO tests when AVS test performance was dichoto- 
mized.  However, the relationship remained significant when predicting 
from three categories of AVS test performance. As Table 11 shows, all 
those who made zero or one error on the AVS test passed the HO test, 
while only on9 out of seven passed the HO test with two or more AVS test 
errors.  Despite the fact that the relationship was not significant with 
two categories, the results indicate that little prediction power was 
lost when the tasks were combined. 

Assembly. No significant relationship was established between 
the AVS and HO tests in either analysis.  In comparison with the earlier 
research findings, the relationships were somewhat weaker than those ob- 
tained with the long form, although they still tend to be in a positive 
direction. 

Installation. This task was much easier than was the case 
previously, with only one trainee in the present sample failing the HO 
test.  Although the coefficients of correlation were higher than those 
observed for the long form and the coefficient was significant for three 
categories of AVS test performance, no definite conclusion can be reached 
because of the small number of HO failures. 

Assembly and Installation (Combined). The results for the com- 
bined test were identical to those for the assembly ta&k, which was the 
morp difficult task in this case. No significant relationship between 
AVS and HO test performance was found in either analysis. 

Summary.  The small sample of data obtained for thip study preclude 
any firm statistical conclusions about the effects of abbreviating the 
long form of the AVS breechblock test. A definite relationship between 
HO and AVS tests was only found for the removal task.  In other cases 
the results were in a positive direction but nonsignificant due to the 
small number of HO failures. 

Considered together, the findings are nonetheless promising, since 
the short-form results were actually quite close to those obtained with 
the long-form AVS test. Overall, 94.4% of those who had zero errors on 
the  AVS test also passed the HO test, compared to 66.7% of those with 
one error, or 30% of those with two or more errors. These percentages 
are quite similar to those obtained with the long-form AVS test, al- 
though extreme groups were selected for the present sample. 

With respect to the effects of combining tests, the results suggest 
(as might be expected) that the relationship between AVS and HO tests 
will largely be a function of that obtained with the more difficult of 
the subtests entering into the combination.  In developing an AVS test, 
any subtest found to be very easy should probably be combined with a 
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»or«' difficult subtest in preference to entirely eliminating it from the 
test.  Under other circtmstances, such as less effective training, the 
subtest would not necessarily prove to be so easy.  The combined test 
would still permit errors on the easy subtest to be detected, whereas if 
the subtext were eliminated the possibility for such errors would pass 
undetected. 

STUDY II:  COAXIAL MACHINE GUN (M73/219) 

Test Development 

Approach.  The AVS performance test development methodology (except 
for Task 6) in Appendix F was used to develop an AVS test for five co- 
axial machine gun (M73/219) tasks. Where possible, the 35nttn slide ma- 
terials developed for the machine gun at the beginning of the project 
were used.  Additional slides were required to develop an AVS test for 
removing a stoppage.  In this case, all test materials were prepared 
from analyzing the job t%rk description data (Task 1), through pilot 
testing (Task 8), omitting Task 6. The test directions and the prac- 
tice test were adapted from the AVS test developed for the main gun 
breechblock. 

Materials.  Tollowing the suggested methodology, an AVS performance 
test was developed for the coaxial machine gin (M73/219). This AVS test 
included the tasks of clearing, disassembly, assembly, conducting a 
function check, and removing a stoppage. Allowing 5 minutes for test 
directions and practice testing, and an equal amount of time for answer- 
ing trainee questions, the AVS test contained 81 test items and took ap- 
proximately 35 minutes to administer.  The njmber of items for the five 
machine gun tasks are presented In Table 12. A copy of the test direc- 
tions, the paper-and-pencil copy of the AVS test and answer sheet, and 
the checklist used for HO performance evaluation are shown in Appendix H. 

Table 12 

Number of Critical and Continuity Test Items (Slides) 
per Task for the Coaxial Machine Gun (M73/219) 

Machine gun tasks 
Test items 

Critical Continuity Total 

Clearing 
Disassembly 
Assembly 
Function check 
Stoppage 

Total 

12 
4 
3 
8 

12 
39 

8 
10 
13 
3 
8 

42 

20 
14 
16 
11 
20 
81 
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Test Evaluation 

Method.  One platoon (N = 17) of HE OSUT trainees from the 1st 
Training Brigade who had completed training and were waiting for their 
EOC test were selected for testing. All 17 trainees w<?re to be adminis- 
tered the AVS test, followed by imnediate HO performance testing.  Only 
10 trainees, however, were made available for the HO testing.  The re- 
maining 7 trainees had to be evaluated during their EOC test being co..- 
ducted on the following day. 

For the immediate performance test data collection effort, four ARI 
personnel who had been trained to evaluate the task were used as test 
«valuators.  During the test, each trainee's performance was indepen- 
dently scored by each of the four evaluators. Any differences obtained 
between evaluators were resolved upon test completion, and a single task 
performance record was prepared for each trainee. For the EOC hands-on 
data collection effort, two of the above evaluators were usad to observe 
and evaluate each of the seven trainee's task performance. For these 
trainees, only pass or fail judgments were obtained. 

In scoring AVS test performance, trainees making one error were 
classified as borderline on individual tasks.  For combined tasks, how- 
ever, trainees with either one or two errors were classified as border- 
line.  In all cases, zero errors were required for a pass rating. 

Results.  Relationships between HO and AVS test performance for the 
machine gun tasks are sunmarized in Tables 13 and 14.  Two-by-Lhree con- 
tingency tables are reported in Table H-l.  The results of the AVS test 
evaluation study are presented below for each coaxial machine gun ta&k 
and combined tasks. 

Clearing and Disassembly. For both tasks, chances of passing 
the HO test were best for those making no errors on the AVS test and 
were lowest for th.'se making more than two errors. Reflecting this re- 
lationship, moderate positive correlations were found for both tasks. 
However, none of the correlations was found to be statistically 
significant. 

With die or two errors allowed for a borderline rating on the com- 
bined trsks, the relationship between AVS and HO performance was some- 
what strengthened.  All who failed the combined HO test had more than 
two AVS errors. As shown in Table 14, the tau coefficient was signifi- 
cant for the combined clearing and disassembly task. 

Assembly and Function Check.  Chances of passing the HO test 
were best for those making no AVS test errors and least for those making 
more than two errors. While the tau coefficients were found to be sig- 
nificant both for separate and combined tasks, there was only one HO 
test failure in each case, so that the normal approximation is suspect 
for thase data.  Although the tasks were too easy to provide strong sup- 
port for a relationship between AVS and HO tests, the data at least were 
not inconsistent with the overall pattern of results. 
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Table  13 

Correlation Coefficients    and Tests of Significance 
Between HO Test Performance and Prior AVS Test 

Performance on Coaxial Machine Gun   (M73/219)  Tasks 

Percentage passing HO test 
Tasks Passed AVS Failed AVS * P 

Clearing 100.0 64.3 .299 .324 
Disassembly 90.0 57.1 .381 .1()2 

Combined 100.0 53.3 .306 .331 
Assembly 1C0.0 66.7 .540 .176 
Function 100.0 75.0 .450 .235 

Combined 100.0 75.0 .450 .23F 
Stoppage 100.0 70.0 .387 .176 

Phi coefficient   (♦) 

visher exact probability   (p). 

Table 14 

Correlation Coefficients    and Testb of Significance 
Between HO Test Performance ana Prior AVS Test 

Performance on Coaxial Machine Gun   (M73/219) Tasks 

Percentage passing HO test 
T Tasks Passed *7S Borderline Failed AVS r 

dealing 100.0 100.0 58.3 .397 1.53 
Disassembly 90.0 66.7 50.0 .383 1.E4 

Combined 100.0 100.0 36.4 .534 2.3,,5* 
Assembly 100.0 66.7   .540 2.16** 
Function 100.0 75.0 .451 1.66** 

Combined 100.0 100.0 50.0 .501 .1.92** 
Stoppage 100.0 80.0 60.0 .412 1.68** 

*Significant with p <   .01   (one-tailed). 
**Significant with p <   .05   (one-tailed). 

Kendall's tau  (T)  with correction for tied ranks. 
b 

Normal approximation   (z) with corrections for tied ranks. 
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Stopprtqe.     For this task,   HO pe» tormanco ducro.isiHl with AVS 
utrora,   and moderat« corralations wore  found Ixjth  for two and thioo ciito- 
qorltfa of AVS performance.    With three cateqories,   the tau coefficient 
w.is ui   .»if leant . 

Summary.    The relationship between HO and AVS  tebt performance was 
not as strong for the machine qun tasks as  that  found for th« breach* 
block tasks.     In part,  these results  reflect  the hiqher level of per- 
formance on the machine qun tasks.    For the machine qun,  83.5% of  all 
tasks were passed,  whereas only 67.5% of breechblock tasks were passed 
by the short-form sample,  and 73.7% by  the lonq-form sample.    With n 
hiqh rate  of passlnq  and a small  sample of  trainees,   stronq atat lütic-il 
tiu[)jH)rt   for the relationship could not be obtainad. 

Nevertheless,   the data on the machine gun tasks prcftent very much 
the sumo  type oi   picture as  chat obtained with the breechblock tasks. 
Ovoiflll,   97.9% of  those  passlnq  the AVS  test  also passed HO test,   com- 
pared to  76.9% of those borderline on the AVS test or 60% of those  fail- 
inq the AVS test.    These results indicate that  the approach taken   in de- 
vtvlopinq  the breechblock and machine qun AVS tests could be expicted to 
bo successfully applied  to other tasks  havinq »imiiar characteristics. 

DISCUSSION 

MaJo£ f indinga 

Relationship Between AVS and HO Tests.     Using slide-tape AVS tost« 
to predict HO performance,  a consistent type of relationship was ob- 
tained throughout the present research.     Trainees making no errors on an 
AVS test  had a hiqh probabll l'y of passinq the corresiiondinq HO tost. 
Althuugh  failuio on a HO test could not   be predicted with equal certain- 
ty,   the probability of passinq a HO tout  was much   reduced  tor those mak- 
inq AVS tout errors. 

The present  results Indicate that  a well-validated AVS test may be 
used as a  performanced-based criterion to screen examinees.    Using an 
AVS test criterion    the decision to pass an examinee has no more risk of 
passing an unqualified examinee than world result  from a parallel  HO 
tost.    Under some circumstances,  the AVS tost may be more predictive of 
subsequent HO performance than a HO test   Itself,  as was  found for one 
breechblock test. 

In moat cases,  examinees making only one error   (borderline)  had a 
higher probability of passing a HO test than those making more than one 
error.    When a throe-category decision  schema is used with an AVS screen- 
ing test,   those classed as borderline might be qivun relatively brief  re- 
medial  or refresher traininq,  perhaps only conrorninq the critical  ele- 
munt  of performance whore the error wa«  committed.     Those oxamlneou 
makinq »ovural errors should probably be qiven more extensive HO ro- 
tralnlnq covering the entire task. 

U 
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Tt.Mmfoi   fi«Mn AV.'! to m> Tont«.    AVS tontinq did not   proliK*»» any 
gto.d   lmjMxwom«Mit   tn  »<\l««i»^u«»nt   HO pn riMm,ttu,«> whni  tt^imfer w«« .■»»- 
RrMPßd  for thr  IM «»rvhM'H'k   irni*.     f!in>«'  no   f*>«»«lbfl(K   in   ftupplJrd   follow- 
in.i   intxnreot   i O.S|HMIN.-H   in  t h« AVS  t c'-t ■,   (IIIIIIKP thn  intiinKi«    frcibn. I. 
pi(ivid«Kt by HO tcntino),   littl« l«Arninq would U»  rxpo. t o.l   in  t hv AVS 
t^.tt   «ituMtion.     Th« AVS t»mt 609» contain informAt «on on th«* proppt   •<»' 
qu&ncr of |>o» form.m. r uf««p»,  but  #>«rtmin«>r<?   in  th» |ip<«rtif   jB.un^lo Np|wii- 
•ntly WVIP not   .»I>1P to m^Ko  nny ■ubstAntiflt   r*-> of  thin  infonnation to 
tnoiCARc their p«»rfonn«nt,p knowledgi». 

Althouqh thr*  j.»«»»oentAQ« of «XMninepn pa-ininq HO t»»Mt5» wan .ilwayo 
l«ii}«>r t hjin  th«»  p*»ro»»nt 4qi» paaninq the 00t 1 (>8|Mnu1 i nu AVS   tfnt,   fi^nflOi 
o,innot   acoount   for tht» dlff*»r»no*> in perfoinuinv^  level».     Apparently, 
the AVE tent» tend  to lie more difficult   than  the HO teste. 

L^i'k of  tr^nefri   euqqeetn  t hut  AVS  teete may he uei»«1   to ^dvAnt *qe 
in   repeatedly rtsBessino  level« of  individual   readinee»   it»  unit« and th«- 
tirnd of   tetention   lo«p.   >ver time followinq traininq.     To the extent 
that   H»' tests produce   learning,   HO teat  result* provide a  Ma»ed a«B»M»«- 
mt»nl   of  rrMdineMK,   nitioe they do rrot   refleot   posaiMo  inoiement   »n per- 
lor-m.iiuv pnxluo^d  l>y featinq.     r*urt henrn»?*»,   repeated  ret»»»»t uru .<f  the-1 

.«■tmo  Individuals cannot   he uaed  to determine the «outee of   »etfntron 
loaM,   airu«' the d»qter> of  retention  loss .an be maikeilly  teduced by te- 
peatetl lestin<i.     He|>eate.l AVS  teat» miqht  not  produce a  nimtlai   effeot, 
and this possibility  should !»•  teat«»d  in later  r»at»atfh. 

For   urrit   a-aeRwnent   purjH>ec»   it  wi^uld alao be  important   to detei- 
miru« whether   some correction could br« applied to AVS  teat   reaulta to 
produce an unbiased  patimatt» of the HO pasa rat«.     A«  it   now atanda,  AVS 
teat   results will  underestimate the level of HO performance   in a unit. 

Crit roaj Prrformame Skills.     Althouuh taak«  invx^lvitiv; nh   or  per- 
lor-mani-«' are qenrrally iv»1i(>ved  to require akill,   the  results of the 
prnsent   Mtudies oonfirm previoua  findinqa   (Sh»lv»»r « Foley,   l')74l   that 
m.tohine-dppendent   procedural  taaka require little akill.    F»>r nearly all 
critical   itoms,  knowlotlqe of what   to do,  as indicated by an AVS  test 
item,  quaranteed a hiqh probability of beinq able to perform the oom- 
iMt.rble Ho step.     Tho probability of MO error wa« markedly hiqher than 
that   for   the AVS  item only for one step in ih« br^eohblook   installation 
(ask.     Additional  analysis of the performanoe requi 1 ement.«  for that   stop 
oonlitm^d the pr<»aenoe of an element  of »kill.    The prediot abi 1 it y of 
HO per roonaiu-e was  lealored when er tors on this Item were  removed  fr»mr 
the . ount  ot  critical  error«. 

The oompariaon of AVS and HO t««t perfonnance on critical   item» ap- 
fH>at;) to piovlde a uueful empirical metho«! for ld«ntifyinq skill  ele- 
ment t<   in procedural   taaks.    Ifhen the knowledqe of what   to do  ia Itoth 
neceaaaty and sufficient  for auccesaful  performance of a behaviotal 
»t.#»p,   skill   is not   required.    When knowledqe 1» necensary,   but   not   »uf 
ficient   ti>quarantee successful  performance, than «kill   is required. 
The   latter indication should be  followed up by detailed observation and 
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analysis of the behavior to fully identify the  nature of the skill to 
insure that the indication is not faulty or misloadlnq. 

When the nature of the skill has been identified along with the 
factors contributing to HO failure on the behavioral step, it should 
then be possible to develop a valid but brief 110 test covering the task 
segmant, including the skill st^p. The  step should not be tested en- 
tirely in isolation, since the examinee should be given a portion of the 
task sufficient to fully reinstate the relevant contextual cues avail- 
able to guide perfi•rmance.  If an appropriate situulator is available, a 
high-fidelity simulation may be used in place of actual c>quipr,>ent in 
testing the task segment. 

The HO or simulated test of the skill step may then be combined 
with the AVS tr^t to form a complete synthetic test for the task.  Pass- 
ing both the AVS test and the skill step would be required to p.iss the 
synthetic test. 

Reliability and Validity of HO Testing.  Interrater reliability was 
found to be consistently high when critical errors were correlated, 
whereas other measures (total errors and step errors) tended to have 
lower reliabilities. On this basis, critical error scores were used as 
the primary criterion of performance to validate AVS tests throughout 
the present research. 

Using critical error measures, subsequent examination of the pre- 
diction of HO performance for the breechblock showed that the test- 
retost reliabilities were disappointingly low for HO data.  For the 
breechblock removal task there was no rülationship between performance 
on successive HO tbsts.  Such results demonstrate that, even when the 
evalnators are experienced and capable of reliable scorinq, a single HO 
test may not provide a reliable indication of future HO performance. 

Observations of HO testing conducted by Army personnel revealed po- 
tentially serious validity problems in HO evaluation data.  Unrealiotl- 
cally low failure rates may bo obtained where standards are ignored or 
loosely interpreted by the examiner. Thit? was observed in HO testing 
for the breechblock and machine gun tasks studied hero and may be the 
case for many other tasks as well. 

Heretofore, the reliability and validity of Army HO performance 
tests has receivel little formal attention.  A HO performance test is 
uncritically regarded as providing virtually perfect indication of per- 
formance capability. The test is assumed to have construct validity by 
virtue of being based on a task analysis and an explicitly defined per- 
formance objective, complete with conditions and standards.  The test is 
assumed to be reliable, since ability to perform a task is conceptual- 
ized as a all-or-nothing phenomenon, rather than a matter of deqree with 
observed performance being a variable and probabilistic outcome imper- 
fectly reflecting ability. The all-or-nothing conception grows from the 
criterion-referenced attributes of the test.  The present results 
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demonstrate that the usf of criterlon-referonced tecting does not elim- 
inate the necessity of detennining the reliability and validity of tests 
implemented in field applications. 

To an extent, reliability and validity problems may be generated by 
overemphasis on "GO/NO-GO" scoring and product orientation, both in the 
development of tests and in the training of test esaminers.  Scoro sheets 
given to HO test examiners to .record test results typicilly proviae space 
to report only an overall "GO/NO-GO" for each tasX.  Standards may be 
omitted, even when some steps are listed to remind the examinees of the 
sequence of task performance. 

Ordinarily, tho HO test examiner is instructed to adopt a product 
orientation in scoring performance.  He is told that it doesn't matter 
how the task is completed as long as it is completed within certain 
standards.  Howovnr, the standards tend to be overlooked or relaxed when 
heavy emphasis is placed on the product of performance rather than the 
process. Grounds for failure such as fleeting safety errors or other 
minor errors that could damage the equipment may easily pass unobserved 
if the examiner does not have his full concentration focused on details 
of the process of performance. Thus, high pass rates may be obtained 
with HO toots, when at the same time careful examination of the process 
of performance indicates that the task standards frequently are not met. 
This situation should not be viewed as evidence of bad faith, laxne&s, 
or intentional bias on the part of regular Army test and evaluation per* 
sonnel, but simply as n  natural consequence of the scoring instruments 
and method of testing. 

Improvements in HO performance evaluation might be achieved if ex- 
aminers wtre reoriented toward observation of the process of perform- 
ance in addition to the product, even though it is the performance prod- 
uct that is the primary interest.  Process evaluation should be aided by 
a content-validated checklist, explicitly listing only the critical ele- 
ments (rather than stops) of performance that are required to insure re- 
liably repeatablo HO performance.  Self-corrected errors on critical 
elements should be grounds fur failure, unlike present practices. When 
critical errors are corrected, performance still would be allowed to 
proceed, so that further critical errors could be identified for diag- 
nostic purposes. Additional quantitative requirements, such as time, 
should be numerically recorded, and only latjr compared to cutoff points 
as ■ basis for the overall final "GO/NO-GO." 

Aside frcm problems of reliability and bias in scoring, experience 
in the course of developing HO checklists shows that there are important 
obstacles to establishing the content validity of a particular perform- 
ance process. Frequent inconsistencies were found among sources of task 
documentation, training and test procedures, and advice of SMEs.  The 
task analysis methods and approach to content validation suggested in 
Tasks 1 through 3 of the AVS test development methodology may be helpful 
in reconciling discrepancies among various authoritative sources. 
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Key Methodological Factors 

Several aspects of the methodology employed here and the proposed 
test development methodology appear to be crucial in the successful du- 
volopment and validation of AVS tests. 

Performance knowledge. The test should be based on a conceptuali- 
sation of the elements of performance knowledge which are acquired during 
hands-on practice. Sy definition, such knowledge is present in the mem- 
ory of the proficient examinee and is incomplete in th« less-proTicient 
examinee.  Valid test items should be designed to be easily answerable 
by one who can remember how to do the task and obscure to those who 
cannot. 

Critical Elements.  The test items should focus on performance ele- 
ments that are critical to task performance.  It is not necessary to re- 
member every detail of task performance to successfully complete a task. 
In low-skill, machine-dependent procedural tasks, there is opportunity 
to correct minor errors based on feedback from the behavior and response 
of the machinery. For example, knovrlbdge of the orientation of a part 
miy not be essential for an assembly task, since the pnrt often will not 
Hgo in" if improperly orie-ited.  A little tim« is lost, but the part may 
be reoriented with little risk of total failure.  Only under heavy time 
pressure would orientation knowledge prove important to save time. 

In most cases, only safety errors, eirors likely to produce damage 
or malfunction, or errors which do not provide feedback or only much de- 
layed feedback should be concidered crucial.  In the latter case, the 
error will aither not o« discovered or will be discovered after many 
subsequent steps, so that many steps will have to be retraced or re- 
peated, with a substantial loss in tint0. 

Procedural Continuity. AVS tests should be designed to maintain a 
sense of continuity in the procedure.  Pcrfcuviancc of procedural tasks 
appears to be heavily dependent on contextual cues arising from prior 
performance steps. These contextual cues provide the stimuli for recall 
of what to do next.  If the examinee doesn't know exactly where he is in 
th« procedure, he will frequently be confused about what comes next. 
AVS test items presented out of context might easily bo answered incor- 
rectly, even though they vsually would be performed correctly. Attempts 
to reinstate the performance context by verbal instructions will prob- 
ably not be as effoctive as actually going through successive steps in 
a series of test items that provide a representation of the visual cues 
occurring in the sequence of procedural steps. 

The machine gun clearing test provides a good example of this prob- 
lem.  In this task, the safety is moved between the "fire" and "safe" 
positions in several different steps. Without going through the pro- 
cedure stepwise, and thus knowing that a particular action has just been 
taken, it would be difficult to remember whether or not to move the 
safety next. Telling the examinee to imagine that the action has been 
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taken does not reinstate the occurrence of the contextual cues in the 
same way that showing a picture of the action would simulate their 
occurrence. 

Tryout and Revision. Repeated tryout and revision is a very impor- 
tant contributor to the validity of an AVS test. For many of the items 
developed, the original ideas about how to picture a performance ele- 
ment, how to state the question, what response alternative to use, etc., 
were found to require considerable revision as a result of tryouts. 
Even notions about what items are critical required revision. The final 
version of each test that was validated was always a substantial im- 
provement over the first version. 

Systematic tryouts force the developer to look closely at both AVS 
and HO performance to develop a batter understanding of why errors occur 
in either test, to account for discrepancies between tests, and to dis- 
cover inadequacies of the original behavioral analysis. Without the 
discipline of repeated tryout, AVS tests will not usually be valid, how- 
ever carefully the other steps of the methodology are carried out. 

Method of Validation.  An important factor is the kind of HO cri- 
terion data used to validate the AVS test.  The HO data should be gath- 
ered by specially trained personnel using a content-validated checklist 
which emphasizes observation of the same critical items of performance 
as the AVS test critical items. Although use of a checklist listing 
only critical items was suggested to aid HO testing for evaluation pur- 
poses, the complote checklist should be used when validating AVS tests. 
The complete checklist is more difficult to use, but provides a firmer 
basis for determining that all critical elements have been identified 
and included in the AVS test. 

Methodological Limitations 

The AVS test developmont methodology suggested here can be expected 
to be successful in producing a predictive test only for tasks like 
those investigated in this research; that is, machine-related, low-skill 
procedural tasks. Based on the results of Shriver and Foley (1974), 
successful application cannot be expected in variable-branching proce- 
dural tasks, such as alignment and troubleshooting, or to high-skill 
tasks, such as soldiering or tracking. Skill elements embedded within 
low-skill procedural tasks also cannot be successfully tested by AVS 
items, as results for the breechblock installation task showed. Thus, 
while AVS items may be used to test most task elements, they may have to 
be combined with a HO test, or other high-fidelity simulated test on one 
or more skill elements to form a synthetic test for the whole task. 

Despite these limitations, the suggested development methodology 
can be expected to apply to a very large number of tasks, at least in 
the machine-ascendent combat-arms MOS. In armor MOS, for example, the 
(new) CMF 19 task lists have 61 comnon tasks, of which about 54% appear 
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to bo appropriate for AVS testing.  About 64% of tho MOS-speclfic tasks 
seam to be appropriate, ranging from 53% of 85 tasks for the 1% scout, 
to 77% of the 31 tasks for the 19F tank driver. A large proportion of 
tasks In organisational maintenance NOS should also be amenable to AVS 
testing. 

Efficiency of Simulated Tasting 

The efficiencies to be gained through AVS testing require careful 
study. Major savings in the areas of equipment and examiner personnel 
can be expected given the relative costs of audiovisual and military 
equipment, and the group*-administration of AVS tests. Based on the 
present data, the necessity for 48.9% of the HO tests for the breech- 
block, and 55.3% of the HO tests for the machine gun might be avoided 
by initial screening with the AVS tests. 

Examinee time is not so clearcut, efficiency depending to a large 
extent on hem  the AVS tests are combined with alternative testing and 
rete&ting procedures to form a full-perfoxmanco screening system. 
Methods for evaluating the cost efficiency of pretesting systems for 
MOS 11B have been examined by Hiller (1977). Hiller's methods of anal- 
ysis can be used easily to develop similar cost-efficiency models ap- 
plicable to armor NOS. Unfortunately, the present research was com- 
pleted prior to the appearance of Hiller's work, so that tho data 
required to carry out the analysis wore not obtained. 

The AVS tests developed for the breechblock and machine gun both 
require testing time longer than that required to HO tost one person. 
Thus, AVS testing would involve increased testing time per individual. 
This time may be partly or completely recovered from administrative time 
now wasted, such as waiting t-ime spent in line or time required to 
travel between testing stations.  Detailec* study of queuing network 
models is required to determine the optimal structure of screening sys- 
tems to minimize expenditures of training and testing time, along with 
personnel and equipment resources. 

Implementation of AVS Testing 

Screening systems based on AVS tests might be useful in both insti- 
tutional and unit training settings.  In institutional settings, group 
testing could be used to determine individual needs for remedial train- 
ing prior to end-of-cycle or mid-cycle tests. If the AVS tests are 
based on the suggested test development methodology and, in addition, 
are thoroughly validated by procedures similar to those used in the 
present study, a substantial improvement on the quality of training out- 
put could result.  It can be anticipated that the major factor ptoducing 
a positive impact would be the identification of critical performance 
elements.  Increased emphasis on critical elements in original training, 
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remedial training, and testing should have an impact on trainee ability 
to perform critical tasks at their first duty assignment. 

AVS tests could also be a valuable addition to the materials sup- 
porting individual training in units. AVS tests can usefully supplement 
or replace HO pretesting and posttesting to determine qualification on 
Soldiers Manual tasks. A considerable share of the Tank Crewman Gunnery 
Skills Test (TCGST) could also be covered by AVS tests. 

In high-density MOS, the slide-tape format and group testing should 
continue to provide the most effective media for use in units.  In low- 
density MOS, or for individualized instructional systems such as TEC, it 
may be advantageous to develop printed forms of the AVS test, with line- 
graphic visuals like those recommended for ITDT materials replacing the 
photographs used in the AVS test slides. If the line-graphic visuals are 
well prepared, little significant reduction in test validity should re- 
sult from this substitution. Printed forms should reduce the load on 
unit audiovisual equipment and expenses associated with the reproduction 
«und maintenance of slide-tape materials. The relative advantages and 
disadvantages of simulated testing with line-graphic visuals should be 
compared to the slide-tape medium in future research. 
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APPENDIX A.  AVS TBST (LONG FORM) ON REMOVAL, DISASSEMBLY, ASSEMBLY, AND 
INSTALLATION OF THE 105MM MAIN GUN (M6B) BREECHBLOCK MECHANISM 

TEST DIRECTIONS 

Good (Morning/afternoon) «en: 

I AM with the United States Army Research Institute located here at 

Ft Knox. Kentucky. This «orning/afternoon you have been selected to 

participate in a research project that involves the development and 

use of simulated performance test to assess job task performance. 

Specifically what we are interested in finding out from this research, 

is how well you can perform on an audio-visual (slide) test about the 

machine gun as compared to how well you can perform on the actual 

equipment in a hands-on test. The AV-Slide test you will be given 

here today involves the N-68 (lOSnun) Main Gun Breechblock tusks of re- 

moval, disassembly, assembly and installation.  The test will take approx- 

imately 30 minutes to complete, but before we start I want you to 

print your name and unit at the top right hand corner pf the answer 

sheet in the space provided. (Pause) , 

During the next five minutes you will be instructed on how to 

take the AV-Slide test on the machinegun. After these instructions 

are finished, you will be given the opportunity to ask any question 

you might have about the test before we begin testing. Now listen up 

and pay close attention to what you are being asked to do. (Siart program) 

After Instructions; 

1. Answer «11 questions. After doing so, tell them to answer 

the questions as quickly as they can so that they will not miss the 

next question. 

2. Motivate them to try their best. 

41 



After Test; 

1. Collect all answer sheets, 

2. Hand out the training questionnaire and ask the« to coaplete 

the« as best as they can. In tt't  reaarks coluan, have then write down 

what they thought cf the test. i.e.. Was it hard or eas>. liked 

it or didn't like it. was good or bad. etc. 

. 
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Main Gun Breechblock Kechanisa 

Test Directions 

In the breecholock test you are about to take, you will be shown 

a slide and then ssked a question. The number of the question is shown 

in the display in front of you. The questions you will be asked will 

be of three types: 

What part would you take action on?. 

What action would you taka?, or 

What picture shows the result of that action? 

Soaetiaes you will also be asked about the correct location for a part. 

Possible answers to the questions are the letters A, B, or C shown on 

the slides. After selecting your answer you are to do two things. Firrt, 

press the button on the control panel that corresponds to the letter of 

your answer. A nuatoer will be shown on the right side of the display 

when you press the button. Second, press the start/stop button to record 

this answer. When you record your answer, the niuaber of the next question 

will appear on the left sioe of the display. 'For example, question Number 1: 

Which part would you take action on first to disassemble the M219 machine gun? 

"A" shows the barrel and jacket assembly, "B" shows the cover, and "C" 

shows the charger assembly. Choose A, B, or C, press the corresponding 

button and then the start/stop button. 

Go ahead and record your answer.  (Pause) 

For this question you should have pressed the "A" button and then 

the start/stop button. The number ',2M should now be shown in the display. 
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The next question is Question Nuaber 2: Which action would you take? 

A, B, and C show three ways to renove the barrel and jacket assembly. 

Choose A, B, or C, press the button, and the the start/stop button. 

Go ahead and record your answer.  (Pause) The nuaber "3" should now 

be shown in the display. In this test, the nuaber on the left of the 

display should always be the saae as the nuaber of the question you hear 

on the tape. If it isn't the saae, tell the exaainer before you record 

any more answers. He will stop the test, and help you to correct the 

problea. Now, listen carefully and answer these practice questions. 

Question Number 3: Which part would you take action on next? (Pause) 

If you selected the letter "B", the cover, your answer was correct. 

Question Nuaber 4: Which part would you take action on to remove 

the cover? (Pause) the correct answer was "C". 

Question Nuaber 5: Which action would you now take on the cover 

latch rod? (Pause) The correct answer was "CH. The nuaber 6 should 

now be shown in the display. Do you have any questions? 

In the breechblock test soae questions will ask you to choose 

two parts or two actions. To answer you should press the button which 

tells the part or action that would coae first. Record the first 

answer by hitting the start/ätop button. Then you should press the 

button which tells the part or action that would coae second. Again, 

press the start/stop button to record the secoAd answer. 

For exaaple. Question Nuaber 7: What two actions must you take to 

remove the guide rod? To do this you would push in on the guide rod to 
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coapress the spring and than rotate the guide rod clockwise to remove it. 

This requires answer C, and then B. Now to record both answers you should 

prass the letter "CM, press the start/stop button, then press the letter 

"B", and press the start/stop button again. Do it now.  (Pause) 

Whenever a question requires two answers, be aura to press start/stop after 

tha first answer before you press the second answer. If you happen to 

prass both answers by Mistake, press the clear button, and then nake 

your answers. You can also usa the clear button to change your answer 

to any question, if you have not yet pressed the start/stop button. 

To change your answer, siaply press the clear button, and then put in 

the answer you want. 

During the test you will have approximately S seconds to record 

your answer. After you prass the start/stop button, you can not change 

your answer anymore. If at any time during the test you don't know the 

answer to a particular quaation, press the letter "D" and then the 

start/stop button to go on to the next question. If you have any question 

about how to take this test, please raise your hand now and the examiner 

will help you. 
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APPENDIX B.     PERFORMANCE CHECKLIST   (LONG FORM)   FOR EVALUATING HANDS-ON 
TEST  PERFORMANCE ON THE 105MM MAIN GUN   {M68)   BREECHBLOCK 

MECHANISM 

Mi 

CD 

m 

m 

cs 

CD 

TrST:    REMDVINC ANU OISASSEMDLINC IREECIIILOCK 

 coot 

TASK STEPS/tLCMENTS 

CHECK SAFETY 

Lift Up on Safety MUM« Uvar 

OIECK MEEQIBLOCK CRANKSTOP 

S«t /Fml Position of Crankuop 

OIECK CIIANSER FUR AM» 

Ocprtt* Iroech Operating llandl« Plunftr 

Pull lack en Handle and Rotate Ceapletely Down 

Lift Up en Handle and Rotate Coapletily Forward 

See /Feel Chaaber for tamo 

Obtain Breechblock Cloalng Tool  (RAM/EXTRACTOR) 

Push Extractor(>) Forward «1th Tool 

Replace Tool in Secure Position 

REMOVE FIRING PIN ASSEMBLY 

Slide Retainer Lug Plunger to the Right 

Push in en Retainor, and Rotate Counterclockwise 

Lift Off Retainer and Separate fro« Spring 

Place Parts 'n Secure Position on Turret Floor 

Obtain Screwdriver 

Insert Screwdriver in Center of Retractor Cu'.de 

Pry Retractor Guide Assembly Forward 

Lift Out Firing Pin 

Lift Out Retractor Guide Asseably 

Place Parts in Secure Position on Turret Floor 

Replace Screwdriver In Secure Position 

INSTALL EYEBOLT SCREW ^ 

Unscrew Eyebolt fron Stowed Position Near Gun (P) T ^ 

Screw tyebolt into Center of Breechblock Until Tight   P T 

■ackef. Eyebolt to Align with Brooch F T 

TOTA 

L 

L TIME 

p T A        R 
A 0 0 C        E 
R 0 C T        S 
T L U t        U 

S 0        L 
N       T 

© 
4© 

•© 
p 

p 

p 

p 

" p 

p 

w® 
■® 

T 

T 

T 

T 

T 

T 

T 

»4, 

INSTALL THE CHAIN HOIST 

Obtain Chain Hoist 

Connect Chain Heiat Hook .o Hook on Turret Roof 

Connect Chain Hoist Hook to Eyebolt Screw 

Pull Back en Chain to Keep it Tight 

Crank Chain Heist Until Chain is Tightened 

"O 
F       T 

T 

P       T 

'       T4 

© 

"#( © 

OBSERVATIONS 

* Performance elements corresponding to the long form AVS breechblock 
test are numbered. 
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MM 

o 

DO 

QJ 

ca 

DJO 

01 

13 

Oil 

TASK S tl W/jjUWBH» 

Rri.f:\Sr   WllfSTIH TtNS/ON 

Obtain  >|>,iiirier Nrcnch (aiul Scrowdrivor) 

Plac« Sp.nnncr Mrcncli in Hole« un Adjuttar 

Pull B»ck an S(Mn.ifr Wrencli mid Hold 

insert Screwdriver on Adjuster Plunger and Depress 

Let out on Spanner Wrench at Adjuster tataCM CCW 

Remove Spanner Wrccli  (and Screwdriver) 

Replace Tools in Secure Position 

KfUASE «RLECHIIIOCK CtAMKSrW 

Obtain Allen Wrench 

Insert Allen Wrench into Crankstop liol« 

Push Up and Slide Cronkstop Coapletely Forward 

Remove Allen Wrench and Secure in Safe Position 

LOOSEN HIE CHAIN 

Pull Out on Directional Knoc and Rotate CW 

i'ull Out on Chain to Keep it Tight 

Crank   Chain Hoist until Chain is Slack 

START BRFECHBLOCK DOWNWARD MOVCMÜNT 

Depress Breech Operating Handle Plunger 

Pull Handle Rack Until    Breechblock Drops 

Rotate Handle Coapletely Forward 

r   Q)   i     A 

P  T  l   A 

T  I  0 
P  T  t _ A. 

© 

Crank Chain Hoist Until Pivot Pin 1* Free of T 

P 

Slot   (p) 

RLMOVE PIVOT PIN 

Reach Under Breerh and Push/Pull Out Pin P 

Place Pivot Pin in Secure Position on Turret Floor      ? 

LOWER BREECH BLOCK 

Crank Chain Hoist Until Breechblock Reaches ControlUc- 
Cover ^C?) 
Pull Chain to Swing Breechblock Rearward while P 
Cranking Chain Hriit 

Crank Chain Mo.'st until Breechblock Rests on P 
Turret Floor 

RELEASE THE CHAINHOIST 

Crank Chain Hoist Until Hook is LOOM ir Eytbolt P 

Unhook Chain Heist fro« E/ebolt Screw P 

(Place Chain to Left or Right of Main Cun) P 

*!/ 
REMOVE EXTRACTORS 

Lift Out and Up on Left or Right Extractor Q 

Lift Out and Up on Reoalning Extractor P 

Place Extractors in Secure Poaltion an Turret Floor P 

rtf® 

I      A 

L       A 

^0© 

1^0 

T 

T 

T      I 
5^ 

OBSERVATIONS 

TO BE DONE BY ASSISTANT 

TO BE IXWE Bf ASSISTANT 

TINE OONPLETSD 
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KM S?* ^rtPS/KirKiNTS 0»M RVATIOMS 

0ISA5.StlMLINC MIXaiSLOCK 

HtMcvt um*:, itWTAa cmxip 

m 

□a 

en 

en 

RtMOVF  FIRINC CONTAa PLATE 

OMon  SiiT«ilrt>pr 

ln<rrl  Scrtkilrlvcr on Plun|«r «mj 0«pr*>> 

Ruiat* PUtt lount«rclock«li« «nO Lift Off 

R»|ilir« S(r««nlrl««r  III Scrur« Poittlon 

PUc« PUt« III Safe Poiltlon on Turr«( Ploor 

REMOVE  FIRINÜ COKTAtT PLUNCE« 

Lift Out PluflRcr Proa Recoil 

PUc* riunftr In Saf« Poaltlon Mt TUrrat Ploor 

REMOVE FIRINC CONTACT KASHl.R 

Lift Off «athar fro» Pirlng Contact 

Plata Haahtr In Safa Petition on Ttirrat Ploor 

RBTVI FIRINC CONTACT 

Lift Out Contact fro« R^caaa 

Placa Contact in Safa Poaltlon on Turrat Floor 

RCNOvi FIRING CONTACT SLEEVE 

lni«-rt Plncar Into llaava and Lift Out 

Placa Sloava In Safa Poiltlon an TWrot Ploor 

REMOVE FIRINC CONTACT SPRING 

Obtalw Allan Vronck 

Inaart Into Racaai and Pull Out Sprint 

Placa Spring in Saft Position on Turrot Ploor 

Raplaco Tool In Sacura Poaltlon 

IS 

*.*&® >A 

'0 

•0 
P 

"0 

'0 

'0 
F 

F 

0 
A 

■® 
A 

"© 
A 

% 
A 

■r A 

'© 
A 

A TtW OONPLETEO 

REMOVE RETRACTOR PRIVBR CROUP 

en REMOVE RETRACTOR DRIVER 

Obtain Allan Nranch 

insert Into Sera« and Rotat« CCV until Looao 

Lift Off Scrav-Naaltar-Claap and Orlvor TB.W, 1» 

Placa Part« in Safa Poaltlon on TUrrot Floor 

REMOVE RETRACTOR ORIVEri SHAFT 

Lift Out Shaft fro« Racaaa 

Placa Shaft In Safa Poaltlon on Turrot Ploor 
"0 t   0 

L        A 

n^m. REMOVE RETRACTOR    RIVER SPRING i _ „, 

Wam Allan »ranch Into flocoaa and Pull Out Spring @   @ L    @ R 

Placa Spring In Safa Poaltlon on Turrot Floor P      T L      A R 

Rtplaca Allan »ranch In Sacura Poaltlon P       T L       A R 
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      an         imu. rum 

m 
m 

CD 

CD 

CD 

GD 

CD 

iwr«ujiI««-ij» nm»i.« tarn» 

iminu. wiiucr.« wima»raiM 

rick Vf .pti»| fraa ran« M Txrm ri««r 

l»>rl If'1*1 '«to ■*<*•• 

i«sr«11 HTwcn« n«nT« MMrr 

rxk 1% SM(< fna rant a« 1W«al »la»r 

laaart tiwi »f tltafi mi« Sfrk^g la 

«tsiHlu ua:t««.«t»* «w scat» 

rid Hf Uclnalwr aol alia« tana 

tatan iaca>atltar «Ma alia« Sera« 

1.* 0 

•0 

■•• 

IMT«U Mraacroa Mint , 

rtck i* »rlnr fraa rant a« Twrai ru*r 

riaca laia af eri»ar a« Mart a«W laaar In Maaltlaa 

IMTU1 UTMCTW MIVM CUM» 

rick ay Ctaa* rm fart« a« nirra) riaar 

riaaa Claay aata »rlnr allk HMila IM 
raca af irtack 

iMnu tacMiisi«! we xm 

0 

0 

'0 

AH|« Mala la InaaMlw* «tvk IM« I* I 
Cla* 

laiart lara» ana Mana Tt|Ma« 

cam» «ila« tiaali 

laiart l*ia »era» ana Tl|Ma« S«c«ralr 

laplaca Taal I« laaar« fMltta« 

iMTim n«iwc antKi Bfw 

» 

CB 

a 
a 
a 
eg 

iHsmi ftntm comncr »NING 

rick 1% Sana« m« rarer a« IWral riaar 

laiart lfrl«| tat« «artfi 

iMTUi ruixc CONTACT survi 

rick Vf Slaaaa fraa fartt a« Airrat riaar 

laaan lala aacan »Ita Opaa-iaa Uf 

IMTAU rim« amttct 
rick 19 Caatact fraa rarta a« twrrat riaar 

laaart lata .llaaa« »Ith Ur|«r Tlp-lna Vf 

IMT*U riaiNc cmracT «MIM 

rut Of «aakar fraa rarta a« IWrrat riaar 

■•tart Oaar lap af rirl»| Caatact 

IMT«U ri*IM OONMCT rUMBM 

rick Vf riaaftt (•«■ rarta «a IWrat riaa» 

latart In« lyrla« «Ilk Tl|>-*«l Ur 

«t/ 

IWTMI. riiikc ookner run 

riat 19 ruta fim IWmt ri««r 

kllfk Arra» a« riata attk «ma < 

«a a»a «Mat« fBllr C« 

'© 

'© 

•d)4® 

'© 

H 

'© 

©■'© 

maravATiow 

" r- 



XQ TASK STEPVEI.EMEMTS 

INSTALL IUECIIBLOCK 

CD 

C3 

a 

a 

a 

INSTALL EXTKACTOM 

Pick Up Extractor» froa Parti on Turm Floor 

Inttrt Left or Right extractor onto Pivots In 
'© 
Us 

T 
T 

•rtech Ring (P) 

Insort Raaalnlng Extractor onto Pivot in Irooch Ring P 

INSTALL T1IE CHAIN HOIST 
Connect Chain llolit Hook to Eyebelt Scrow in 
•reechblock P 

Pull Out on Chain Hoist Otractlon Knob and 
Rotata CCN ^  P 
Pull lack on Leota Chain to Kaap It Tight        Q) 
Crank Chain Hoist Until Oicin is Tight P 

RAISE TOE MEECHBLOCX INTO BREECH RING 
Crank Chain Hoist Hhilo looping Chain Straight 
Cuida Iraachblock ovar Control lor Covor 
Culdo (raachblock into Broach Ring 
Stop Cranking Chain Holst whan Broochblock Contacts 
Plungars 

DEPRESS THE PLUNGERS 
Obtain a Scrandrivar 
Oopross Laft or Right Plungor while Cranking 
Chain Hoist 

Oopross Raoaining Plungor whilo Cranking Chain Hoist 
Raplaca tha Scrowdrivor In Safa Position 

RAISE THE BREECHBLOCK 
Crank Chain Hoist TJO Clicks and Stop P  T 

INSTALL PIVOT PIN ,t 

Pick Up Pivot Pin fro« Parta on Turret Floor      (f)    T 
Insort Pin Midway into groochblock Crank P  T 

T  I 

P   T 
P  T 
P   T 

'*© 
'© T 

P   T 
P  T 

RAISE BREECHBLOCK CRANK PIVOT INTO T-SLOT 
Crank Chain Hoist while Guiding Pivot Into grooch-<U* 
block T-Slot {*)    T 
Stop Cranking Chain llolat who« Rroochblock Con'acts 
Tip of Extractors P  T 
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a 
CB 

05 

02 

CO 

m 

Hi 

m»; «nii/iLoii.xrs 

mir ctmunuis 
PMJI« t Srri"Jri»»i 

ru»li fonaiU on Lrfi or «|(lit InractM «Ml«        f 
i r.niliiH ClMln iioiti 

MM Fanunl a« arMiiiiM («tractar i*IU CraaklBf 
i lum llnifft 

RrpUct Scnwilriirtr  In Safe Coiillm 

0 

UIU MKECMUOH 10 CUWCO POSITION 

Sum OttlK Iioiti iwtil IrVMkklwk Allf» «IM Tkp    /T) 
r.<«». «f trMrk ^^ 

CLDSf MEFCH »IOC« CRAMKSlnP ^ 

«e.ck Under anj Slid* Craakalop CM^Ict«!/ iMnwrtf  Q 

APPir Tf,VSI« TO AOJUSTtR 

Pick Up Spanner krrnrh 

Intrrc Krmch Into SJotj on AJJuittr 

Pull taik en Adjuntar until Plungar tntan Pint 
Paul« 

laaovc »ranch an<l Placa la Sacura Paaitia« 

UnSCN THE CIWI\ 

Pull Out a* Diractionai Kiwb and Rotata « 

»ull out an Chain to (aop It Tljht 

Crank Chain llolat until Ckaln la Slack 

"0 

© 
P 

fraa Eyokolt I««* Q 

tnm Maa« aa Turrat Kaaf   P 

Potltloa P 

«fwni CIUIN inisr 
Disconnact Chain lloiat 

Dliceaaact Chain Halft 

Paplaca Chain Nalit in 

KHon IYIWI.T KIE» 

Undcrau E/aholl fraa iraacMiack 

Scm traholt into Stou Poaition Until Tlfht 

If 0 
p 

INSTALL PIPINC PIN ASSUWLY 

Pick Up Pal ractor Cuida Aaaaabljr fiaa Parta aa    •»IV 
Turrat floor 

Inaon Cuida »ith Slot Up until Pluah ulth Pirinf 
Pin «all 

Pick Up Firiag Pin, Spring and loUlaar fraa Turrat 
Floor _. 

Insart Piring Pin into Firing PI* Nail 

Tulat Spring into Creaaaa aa lackiid* af Patainar * 

Imart inta Firing Pin Nail and align Ratalaar with 
Slot! 

Slida Plunger to Pight and Puak MUlaar tnta firiag 
Pin Hall 

Twi« tatainar CN Until It lackt la Paiitlan 

0 

CIKCK MCCaWUCK INSTALUTION 

Dcpraii llrccch Oper.itlog Itandla Plunger 

Pull J.irk m Handle and Ratal* Caaplatalr Oou* 

I. ifl Up on llandl* and Potato C*api*tol)r Patwofd 

Obtain treochklock Cloaing Tool  (RAM/IXTMOW) 

Puak Ittractor(i) Foruard »Ith Taal 

«aplaca Toel la (Nur* Paaltlaa 

H.fl 

P 

P 

9 

r 

OI5t*VATI(MS 

LAI 

I 0 I 

I        A        I 

I 00 

* © 

IHR 

I*©''© 
I       A       R 

la 
l       A^.  R 

I*'©     R 

inm R 

• 0 
l      A 

I.. A       R 
I    ©     R 

Lj- A        R 
L    ©     R 

I*©     R 

LA       R 

TIM OONPUTU. 
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APPENDIX C.     TRAINING QUESTIONNAIRE ON THE  105MM MAIN GUN   (M68) 
BREECHBLOCK MECHANISM 

In OSUT, you have learned how to perfoni four tasks on the main gun 
breechblock: (1) Renoval;  (2) Disassembly; (3) Assembly; and (4)  Installation. 
We would like to know how much training or practice you have gotten on 
these tasks. 

1. How «any times did you do the task yourself? 

TASK Circle ONE number for each task. Write in number if greater than 4. 
Remove 0          12 3           4                                 
Dissassemble 0          12 3           4                                 
Assemble 0           12 3           4                                 
Install 0           12 3           4                               _____ 

2. How many times did you watch another trainee doing the task? 

TASK Circle ONE number for each task. Write in number if greater than 4. 
Remove 0           12 3            4                                  
Dissassemble 0           1           2 3           4                                 
Assemble 0          12 3           4                                 
Install 0           12 3            4                                  

3. iiow many times did you watch an instructor doing the task to show you how? 

TASK Circle ONE number for each task. Write in number if greater than 4. 
Remove 0 1 2 3       '* 4   
Dissassemble 0    12    3    4   
Assemble   0    12    3    4   
Install    0    12   3    4   

4. How much time did you spend on your own studying these tasks in the 
technical manual? 

0       12       3       4        hours 

5. Did you see a TV demonstration of these tasks? YES     NO  

6. How many times did you see the TV demonstration? 

12     3      4   Write in number if greater than 4.      

Remarks: 

CODE NUMBER 
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APPENDIX D. RELATIONSHIPS BETWEEN AVS  TEST   (LONG FORM)   PERFORMANCE 
AND HO PERFORMANCES 

Table D-l 

Relationship Between AVS Test  (Long Form)  Performance 
and Subsequent HO Test Performance for the lOSinm 

Main Gun   (M68) Breechblock Tasks 

Task 

HO Test Performance 

Group A 
Pail    Pass 

Group B 
Pail    Pass 

Both 
Pail    Pass 

Removal 
AVS Pass j 
Borderline 
AVS Pail 

0 
4 
7 

9 
7 
3 

3 
3 
4 

6 
6 
4 

3 
7 

11 

IS 
13 
7 

Disassembly 
AVS Pass . 
Borderline 
AVS Fail 

0 
0 
0 

26 
4 
0 

1 
0 
0 

22 
3 
0 

1 
0 
0 

48 
7 
0 

Assembly 
AVS Pass . 
Borderline 
AVS Pail 

1 
6 

11 

3 
6 
1 

4 
3 
1 

12 
6 
2 

2 
9 
15 

15 
12 
3 

Installation 
AVS Pass . 
Borderline 
AVS Pail 

1 
3 
3 

14 
6 
1 

1 
1 
2 

12 
6 
6 

2 
4 
5 

26 
12 
7 

1 One AVS test error in Borderline Group. 

Excludes skill element from scoring. 
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Table D-2 

Relationship Between AVS (Long Form) and HO lest 
Performance Including or Excluding a Skill Element 
from Scoring the lOSmn Main Gun (N68) Breechblock 

Installation Task 

HO Ttst Performance 

Task 
Group A     Group B      B 

Fail Pass   Fail Pass   Fail 
oth 

Pass 

Skill Element Included 

9    6 
S   0 
3   S 

4   7     13 
2   S      7 
6   4      9 

Skill Elemenc Excluded 

13 
5 
9 

1   14 
3    1 
3    6 

1 12     2 
2 6     5 
1   6      4 

26 
7 

12 

Installation 
AVS Pass 
Borderline^ 
AVS Fail 

Installation 
AVS Pass 
Borderline^ 
AVS Fail 

One AVS test error in Borderline Group 
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Table D-3 

Relationship Between HO Test Performance and Prior AVS 
or HO Test Performance for the 105min Main Gun (M68) 

Breechblock Tasks 

HO Test Perforaance 

Task 
Group 

Fail 
A 

Pass 

Removal 
AVS Pass 
AVS Fail 

0 
11 

9 
10 

Disassembly 
AVS Pass 
AVS Fail 

0 
0 

26 
4 

Assembly 
AVS Pass 
AVS Fail 

1 
17 

3 
7 

Installation 
AVS Pass 
AVS Fail 

1 
6 

14 
7 

Group B 
Pail Pass 

HO Pass    S    8 
HO Fail    5    8 

HO Pass    1   22 
HO Fail    0    3 

IK) Pass    2   10 
HO Pail    6   10 

HO Pass    1   16 
HO Fail    3    8 

Excluding skill element from scoring. 
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APPENDIX E.  AVERAGE FREQUENCY OF VARIOUS TYPES OF PRACTICE REPORTED FOR 
105MM MAIN GUN (M68) BREECHBLOCK TASKS, RELATED TO PERFORMANCE 

Table E-l 

Average Frequency of Various Types of Practice Reported 
for 105nm Maxn Gun (M68) Breechblock Tasks, Related 

to HO Performance Without Prior AVS Test 

Task and Type of Practice 

HO Perforaance with No Prior AVS Test 
2 

Pass Fail 

Renoval n - 13 n « 13 
2.153 Mands-on practice 2 15 1.77 

Trainee observation 3.23 3.23 C.70 
Instructor observation 1.23 1.46 -0.66 
Total observation 6.69 6.46 0.63 

Disassembly n » 23 n • 3 
Hands-on practice 2.00 1.67 0.68 
Trainee observation 3.04 4.67 -0.C8 
Instructor observation 1.39 1.33 0.30 
Total observation 6.43 7.67 0.25 

Assembly n - 12 n > 16 
Hands-on practice 2.00 1.44 1.35 
Trainee observation 3.17 2.88 0.41 
Instructor observation 1.58 1.06 1.25 
Total practice 6.75 5.38 1.28 

Installation n - 17 n - 11 
Hands-on practice 1.82 1.45 1.22 
Trainee observation 3.24 2.64 1.08 
Instructor observation 1.41 1.09 0.70 
Total practice 6.47 5.18 1.08 

:: 

Mean values. 

Value of large sample Mann-Whitney U-test statistic. 

Significant with p <.05. 
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Table K-? 

Average Frequency of Various Types of Practice Kcported 
for :o!Jirm Mdin Gun (Mb8) Breechblock Tasks, 
Related to HO Performance After AVS Test 

HO Performance 

Task and Type of Practice Pass Pail .2 

Reaoval n - 34 n > 21 
Hands-on practice 2.15 1.90 0.88 
Trainee observation 3.03 3.00 0.69. 

-2.14J Instructor observation 1.09 f "ö 
Total Practice 6.38 -0.57 

Disassembly n > 54 n - 1 r4 

Hands-on practice 2.04 3.00 -- 

Trainee Observation 3.00 4.00 -- 

Instructor observation 1.33 2.00 -- 

Total practice 6.44 9.00 • • 

Assembly n • 30 n - 26 
Hands-on practice 1.70 1.69 0.14 
Trainee observation 3.03 2.84 1.27 
Instructor observation 1.17 1.35 -0.29 
Total practice 5.90 5.88 0.85 

Installation n - 28 n - 28 
2.665 Hands-on practice 1.84 1.09 

Trainee observation 3.09 2.36 1.63 
Instructor observation 1.29 1.09 0.46, 

2.18ä Total practice 6.22 4.55 

Mean values. 
2 
Value of large sample Mann-Whitney U-test statistic. 

3 Significant with p <.05. 

Not computed because of imbalance in Pass-Fail group sizes. 
5 Significant with p<.01. 
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Table E-3 

Average Frequency of Various Types of Practice Reported 
for lOSnun Main Gun (M68) Related to Performance 

on the AVS Test 

AVS Performance 

2 
Task and Type of Practice Pass    Fail       l* 

Removal 
Hands-on practice 2.12 2.03 0.62 
Trainee observation 3.55 2.97 0-283 
Instructor observation 0.76 1.61 -2.92 
Total practice 6.24 6.61 -0.62 

Disassembly 
Hands-on practice 2.06 2.00 0.05 
Trainee observation 5.08 3.17 -0.76 
Instructor observation 1.29 1.83 -0.96 
Total practice 6.43 7.00 -0.61 

Assembly 
Hands-on practice 1.47 1.79 -1.20 
Trainee observation 2.71 3.05 -0.48 
Instructor observation 1.00 1.56 -1.26 
Total practice 5.18 6.21 -0.77 

Installation 
Hands-on practice 1.82 1.S7 1.15 
Trainee observation 2.96 2.93 1.15 
Instructor observation 1.39 1.11 1.63 
Total practice 6.18 S.61 1.75 

Mean values. 

Value of large sample Mann-Whitney U-test statistic. 
3 Significant with p <.01. 

n - 17 n > 38 
2.12 2.03 
3.35 2.97 
0.76 1.61 
6.24 6.61 

n - 49 n ■ 6 
2.06 2.00 
5.08 3.17 
1.29 1.83 
6.45 7.00 

n - 17 n - 59 
1.47 1.79 
2.71 3.05 
1.00 1.56 
5.18 6.21 

n - 28 n - 28 
1.82 1.57 
2.96 2.93 
1.39 1.11 
6.18 S.61 
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APPENDIX  F.     METHODOLOGY FOR DEVELOPMENT OF AUDIOVISUAL SIMUIATED 
PERFORMANCE TESTS 

An outline of the suggested AVS Test Methodology is presented 

in Figure  f-I.    Each of the nine major tasks and requirements necessary 

to perform each task is described below. 

TASK 1:     CONDUCT BEHAVIORAL TASK ANALYSIS 

The first task to be accomplished in developing an audio-visual 

simulated performance test for a given job task is to correctly 

identify the task procedure and behaviors required to perform the 

job task.    Job description data such as that presented in individual 

Soldiers Manuals  (SMs). Skill Qualification Tests  (SQTs), Field Manuals 

(FMs), Technical Manuals  (TMs), and Training Extension Course  (TECs) 

lessons are primary resource materials to be used when conducing this 

particular analysis.    Task analysis documentation may also be available 

from prior instructional system development efforts.    In addition, 

instructor lesson plans and evaluator checklist materials should be 

reviewed to help define the job task requirements. 

All of these source materials merely procide a starting point 

for the behavioral analysis.    Comparison of any two sources will u&ually 

reveal that the task procedures outlined are inconsistent, inaccurate, 

incomplete, or insufficiently detailed.    The main objective of the 

analysis at this stage should be to resolve discrepancies among sources, 

and to further develop the procedural description to the level of task 

detail required. 

As a working hypothesis in conducting the analysis (at least for 

machine-dependent tasks), each distinct part, control or display that 

plays some part in the performance should be considered to require 

a separate behavior step at each occasion of its involvement.    This 

63 

1 



TASK 1:    CONDUCT MUIAVIORAL TASK ANALYSIS 
.    Collect job task description c .ca 

Identify task procedural requirements 
Identify task behavior requirements 

TASK 2:    DEVELOP PEKFORMANCE CHECKLIST 
Format the performance checklist 
Specify steps in tfisk procedure 
Specify behaviors in task steps 

TASK 3:    CONTENT VALIDATE PERFORMANCE CHECKLIST 
.    Conduct on-site data collection 

Analyze task behavior data 
Review task analyses data with SMEs 
Finalize performance checklist 

TASK 4:     IDENTIFY CRITICAL TASK BEHAVIORS 
Identify critical safety behaviors 

.    Identify critical equipment behaviors 
Identify critical task outcome behaviors 

TASK 5:    DEVELOP PICTORIAL PAPER-AND-PENCIL TEST MATERIALS 
Contruct multiple choice test questions 
Select pictorial multiple choice alternatives 

,    Structure total task test for continuity 
Prepare data collection instrument 

TASK 6:    PILOT-TEST PICTORIAL PAPER-AND-PENCIL TEST 
Design test plan 

.    Administer pictorial test 
Revise test materials 

.    Finalize pictorial test 

TASK 7:    DEVELOP SLIDE TEST MATERIALS 
Photograph task behavior requirements 

.    Paste-up prints for slide 
Prepare 35mm color slides 

TASK 8:    DEVELOP AUDIO TEST MATERIALS 
Record test directions and practice test 
Record multiple choice test questions 
Synchronize sound with slide test 

TASK 9:    PILOT TEST AV-SLIDE TEST MATERIALS. 
Design test plan 
Administer AV-Slide test 
Analyze test data 
Revise test materials 
Finalize AV-Slide test 

Ci...... r i     METHODOLOGY FOR DEVELOPMENT OP AUDIO-VISUAL SIWIATBD 
figure    -i.   pERpoRMANCB TESTS 
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level of detail will not usually bo explicit/ represented in uny existing 

procedural outline. It must be developed by clearly visualizing the 

process of performance in real-time temporal sequence. The procedures 

that are identified by this method should represent a sequence of 

behavioral steps ensuring near-optimal efficiency in performance of the 

task, while minimizing risks of task failure and safety hazards. With 

respect to each step, a tentative list of performance elements (part, tool, 

location, action or result) involved in the steps should also be developed. 

Careful identification of each behavioral step and associated elements 

will provide the data base essential for simulated performance test development. 

TASK 2: DEVELOP PERFORMANCE CHECKLIST 

The task procedure, behaviors, and elements identified in Task 1 

define the specific performance requirements to be included in a checklist 

for hands-on evaluation. The requirement of Task 2 is to transcribe 

this information onto a useable format. This can be accomplished by 

listing the major segments of the job task procedure at the left margin 

of a paper and then listing each of the behavioral step required to carry 

out the procedure underneath and indented approximately five spaces to 

the right. In front of each procedure a box can be drawn for recording 

the sequence in which the segments of the task procedure are actually 

performed. At the right margin of the paper and across from each behavior 

within a procedural step, the letters P, T, L, A, R are to be recorded. 

A space should be left between the letters for later identification 

(circling) of critical performance elements. An example of a performance 

checklist is shown in Appendix E. 
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TASK 3: CONTENT VALIDATE PtRFORMANCE CHECKLIST 

The next task to be accomplished in developing a simulated 

performance test is to content validate the analysis developed from 

the job description data (Task 1). Several on-site visits should b* 

made to observe and record actual performance of the job task 

requirement during both training and testing. Prom practical experience, 

approximately twenty such observations using the performance checklist 

would be sufficient to become task knowledgeable. The data collected 

during these visits should be analyzed to identify the trainee 

performance errors and behaviors most difficult to perform. The task 

analyst should also thoroughly master performance of the task by 

direct practice following the procedure currently taught in the 

institution or on the job. Based on observations and direct ex- 

perience in performing the task, some differences between official 

task documentation sources, optimal procedures, and current training 

or testing procedures may emerge. These differences should be 

documented with reference to the relevant sources of data in publications, 

analyses, or observations. The performance checklist should then 

be revised to conform to current training practices. The test to be 

ultimately developed must match the training actually given to achieve 

content validity. 

Approximately five subject matter experts (SNEs) should be 

selected to serve as an advisory committee to review the revised 

performance checklist and to evaluate the twenty records of task 

performance. Any errors detected in the checklist or differences of 
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opinion expressed by the committee should be thoroughly discussed 

with errors corrected and suggested changes recorded for possible 

addition to the checklist. Where necessary, the task analyst should 

domonstrate alternative procedures under observation of the SMEs 

to clarify discrepancies requiring resolution. In some cases the 

SMEs may agree in recommending one procedure, while a different 

procedure is presented in training. Issues of this kind may have 

to be brought to the attention of authorities responsible for 

training, to be resolved before test development can proceed. 

TASK 4:  IDENTIFY CRITICAL TASK BEHAVIORS 

This step in the suggested test development methodology should 

be performed first by the Individual test developer and then jointly 

with the assistance and expertise of the SMEs used during Task 3. 

In both cases, a task behavior is required to meet at least one of 

the following three criteria in order to be identified as critical 

for successful task performance: 

1. Injury to personnel may result if the task behavior is 

omitted, performed out of sequence, or performed incorrectly. 

2. Damage or malfunctioning of equipment may result if the task 

behavior is omitted, performed out of sequence, or performed incorrectly. 

3. Failure to achieve task outcome within the standards specified 

may result if the task behavior is omitted, performed out of sequence, 

or performed incorrectly. That is, occurrence of such an error should 

have a direct impact on the chances of completing the task within 

standards, acting to substantially reduce the probability of passing 

a HO test. 67 



The third criterion is the most difficult to apply in practice, 

requiring considerable judgment by the analyst and SMEs. Behaviors 

should not be considered noncritical simply because they are easy 

to perform and have a low probability of error. If the consequences 

of an error would seriously jeopardize the successful completion of 

the task, the behaviors should be regarded as critical, however 

improbable the error on that step. 

On the other hand, behaviors should not be regarded as critical 

simply because it is difficult, involving a high degree of motor 

control or skill, or a high probability of error. If an error provides 

immediate and obvious feedback giving adequate notivation of the occurrence 

of the error, or the step cannot be bypassed without error correction, 

and error correction is easy and rapid based on the feedback, the ultimate 

consequence of the error will probably not be serious.  In such 

cases, the examinee will correct his error and performance will proceed 

after a slight delay. Where there is little obvious feedback, so that 

the step can be bypassed, and it is difficult to recover from the error, 

the consequences are likely to be serious. 

Task conditions and standards should be examined carefully for 

clues to critical behaviors. For example, high skill items will 

often be critical in tasks with  stringent time standards, since 

lack of skill will generally result in losses of time that cannot 

be tolerated. 

■': 
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Once any of the task behaviors for a given job requirement meet 

one or more of these three criteria, they should be identified as 

critical and circled on the performance checklist for easy recognition. 

Although all items on the checklist are to be checked when observed, 

only those which have been identified as critical will be compared 

with AVS test performance in subsequent test validation efforts. 

TASK 5:  DEVtLOP PICTORIAL PAPER-AND-PENCIL TEST MATERIALS 

Three steps are involved in accomplishing this task. First, 

a three alternative multiple choice test question must be constructed for 

each of the critical behaviors identified in Task 4. This should be 

done using a paper-and-pencil format with pictorial representations 

of each multiple choice alternative substituted for the verbal 

identifiers. Selection of the three pictorial choices for a critical 

task behavior should be based on the likelihood of their being chosen 

as the correct answer in task performance. Specific reference to the 

hands-on performance data collected in Task 1 and the content validation 

effort conducted in Task 2 should provide the necessary insights to 

make these selections. As for the pictures themselves, they should 

be taken using an instant print camera with black-and-white film, 

and "shot" from the perspective or point of view of the person required 

to perform the task. By following this method, the test developer 

can continue to take pictures until he is completely satisfied that 

he has captured the desired result. After all desired pictures have 
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been taken, arrows should then be added to each photograph to illustrate 

any action or highlight any location or part not immediately 

identifiable fron the picture alone. Print size should be sufficient 

to retain necessary visual details after photographic reproduction 

in Task 7. Test questions should then be written which are specific 

and avoid unnecessary reference to equipment nomenclature. 

Second, a sense of task continuity is to be maintained in the 

test by including questions on all major performance segments that 

constitute the total task. This should be done by selecting several 

task behaviors that bridge the gaps between the critical task behaviors. 

As a rule of thumb, at least one question should be constructed for 

each alternate behavioral step in the procedure. Steps omitted can 

be mentioned in the question stem for the following item. A complete 

part, action, and result question sequence should be prepared 

when omission of elements might lead to confusion about the sequence 

being followed. Task behaviors selected for the test should be 

constructed in the same manner and format as were the critical task 

behaviors, so that the critical items are not superf cially dis- 

tinguishable fro« noncritical items. 

The third and final step in this task is to develop a paper-and- 

pencil data collection instrument for recording trainee test responses. 

A consecutive numbering scheme with the letters A, B, C, and D listed 
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directly across from each number with sufficient space to circle their 

choice should be adequate. The first three letters (A, B, C) would 

be used by tne trainee to identify his choice of answer from those 

available in the multiple choice question, while the letter D would 

be used by the trainee to record a "don't know" response. In 

preparing the data collection for», sufficient space should be left 

available for recording administrative information such as name, 

rank, company, test date, performance scores, etc. The particular 

format of the instrument is dictated by the task requirement and is 

left up to the creative skills of the test developer. For an example, 

refer to Appendix B. 

TASK 6:  PILOT-TEST PICTORIAL PAPER-AND-PENCIL TEST 

Using the test materials developed in Task 5, the next task is 

to pilot-test the pictorial paper-and-pencil multiple choice test. 

Approximately ten trained and untrained personnel randomly selected 

from the test population should be given the test individually. 

Trainees not completely trained on the job task requirement should 

not be included in the sample of trained personnel to be selected. When 

an trained person makes an error, he should be asked to explain his 

choice, and his responses should be recorded for later review. In 

a similar fashion, untrained individuals should be asked about 

correct choices. After all testing has been completed and the 

results tabulated, analyze the data and make whatever modifications 
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and revisions considered necessary to improve the test. Statistical 

techniques recommended by Swezy and Pearlstein (1975) should be used 

to process item data. A general rule of thumb, a tost is considered 

acceptable it trained personnel do better than untrained personnel 

on each test question. If this is not the case, revise the question(s) 

and conduct a second pilot-test to include the revisions. Critical 

items should undergo the most rigorous scrutiny in this process. 

The cycle of test, revise, and retest is to be repeated as often 

as necessary until the finalized verison of the test meets the 

acceptability criteria. 

TASK 7:  Dl:VELOP SLIDE TEST MATERIALS 

This task in the test development methodology requires the 

professional assistance of a skilled photographer and a training aid 

developer. With the assistance of a photographer each pictorial 

alternative "shot" in the finalized version of the paper-and-pencil 

test can now be professionally photographed. Make certain that any 

picture which is not of an acceptable quality because of lighting, 

contrast, angle, etc. is "reshot" until a quality black and white 

print is produced. With the assistance of the training aid developer, 

these prints should then be crimped at each corner and arrows added 

as necessary to illustrate actions or highlight a location or part 

not clearly identifiable. When this task is finished, the prints 

should then be pasted onto (IS x 20 inch) colored background material 
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for photographing. Make certain that the location of each print is 

exactly the sane as pictured in the original paper-and-pencil test. 

Using Leroy or rub-on lettering,  identify each multiple-choice 

alternative. Each letter should be about one inch high, capitalized 

and centered one inch below each print. The next and final step 

in this process is to have the photographer prepare at least three 

35mm color slides of each test question. Two complete sets of the 

slide test questions can be used for piloting and validating the 

test while the third test set remains available for making duplicate 

copies. 

TASK 8: PREPARE AUDIO-TAPE TEST MATERIALS 

To accomplish this task, record the test questions developed 

during Task 5 onto one side of a thirty, sixty or ninety minute audio 

cassette tape. Again, use whatever professional services are available 

to produce these tapes. In most cases, these audio tape recordings 

can be synchronized with the slides developed in Task 7, and the entire 

test programmed to operate automatically. If test directions anu 

practice test questions are to be used to familiarize the trainees 

with the testing procedure and equipment, they too should be professionally 

developed and recorded. In both the practice and actual test, allow 

approximately ten seconds for the trainee ti  respond between questions. 

More precise time allocations can be made later based on the results 

of the initial AVS pilot test. 
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TASK 9:  PILOT-TEST TUC AVS TEST 

The acccmplishment of this task parallels the performance require- 

ments specified to accomplish Task 6. The only exception hero is that 

the test should be administered to a group of ten trained and ten 

untrained personnel from the test population in addition to the 

individual test administrations. Tryout of group testing provides 

% check on the adequacy of test directions and administrative 

procedures In the group instruction. Data collected and tabulated 

for both the individual and group performance testing should be 

analyxed separately, but the results used collectively to determine 

the need for additional revision and retesting. As before, more 

trained thaa untrained personnel must pass each critical test 

question in order for the AVS test to be considered acceptable. 

Since testing of highly similar materials has already taken place 

during Task 6 only minor modifications, if any, should be anticipated. 
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APPENDIX Ü.  AVS TEST (SHORT FORM) FOR PERFORMANCE OF lOSMM MAIN GUN 
(M68) BREECHBLOCK TASKS 

TEST DIRECTIONS 

Good (nornii g/afternoon) men: 

I CM with the United States A?ay Research Institute located here at 

Ft Knox, Kentucky. This (morning/afternoon) you have been selected to 

participate in a research project that involves the development and 

use of a simulated performance test to assess job task performance. 

Specifically, what we are interested in finding out from this research 

is how well you can perform on an audio-visual (slide) test about the 

main gun breechblock as compared to how well you can perform on the 

actual equipment in a hands-on test. The AV-Slide test you will be 

given here today involves the M68 (lOSrom) Main Gun Breechblock tasks 

of removal, disassembly, assembly and installation. The test will 

take approximately 30 minutes to complete, but before we start I 

want you to print your name and unit at the top right hand corner 

of the answer sheet in the space provided.  (Pause) 

During the next five minutes you will be instructed on how to 

take the AV-Slide test on the breechblock. After these instructions 

are finished, you will be given the opportunity to ask any question 

you might have about the test before we begin testing. Now listen 

up and pay close attention to what you are being asked to do. 

(Start program) 

After Instructions; 

1. Answer all questions. After doing so, tell them to answer 

the questions as quickly as they car. so that they will not miss the 

next question. 

2. Motivate them to try their best. 
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After Test: 

1. Collect all answer sheets. 

2. Hand out the training questionnaire and ask them to complete 

them as best as they can. In the remarks column, have them write down 

what they thought of the test, i.e., was it hard or easy, did you 

like it or not, wat it a good test or bad, etc. 
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MAIN GUN BREECHBLOCK TEST 

Test Directions 

In the breechblock test you are about to take, you will be shown 

a slide and then asked a question. The nuaber of tiie question will 

always be presented prior to each question. The questions you will 

be asked will be of three types: 

What part would you take action on? 

What action would you take?, or 

What picture shows the result of that action? 

Possible answers to the questions are the letters A, B, or C shown on 

the slides. After selecting your answer you are to do two things. First, 

find the number on the answer sheet that corresponds to the nuaber of 

the question being asked. Second, circle the letter on the answer 

sheet that corresponds to your answer. To demonstrate how the breechblock 

test is set up, we have put together a series of practice questions on 

the M219 machine gun. 

For example. Practice Question Number 1  Which part would you take 

action on first to disassemble the M219 machine gun? "A" shows the 

barrel and jacket assembly, "B" shows the cover, and "C" shows the 

charger assembly. Choose A, B, or C, find the number 1 under "Practice 

Questions" on the answer sheet, and then circle your answer. If you 

don't know, circle the letter 0. Go ahead and record your answer. 

t'ox this question you should have circled the letter "A" opposite 

the number 1 under practice questions. 
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Ptuctictf Question Number 2. Wluch action would you Itkt to 

renovc the barrel and jacket assembly? A, B, and C show three possible 

ways to remove the barrel and jacket assembly. Choose A, Ü,  or C, 

find the number of the practice question on the Answer sheet and t'ten 

circle your answer. Again, if you don't know the answer to the 

question, circle the letter D. Go ahead and record your answer. (Pause) 

For this question the letter C was correct. 

Now listen carefully and answer the remaining practice questions. 

Practice Question Number 3. After removing the barrel and Jacket 

assembly which part would you take action on next? (Pause) If you 

circled the letter "B" the cover, your answer was correct. 

Practice Question Number 4. Which part would you take action on 

to remove the cover? (Pause) The correct answer hare was "C". 

Practice Question Number S. Which action would you take on the 

cover latch rod to remove the cover? (Pause) The correct answer here 

was "C". 

In the breechblock test you are about to take, some questions will 

ask >ou to choose two parts or two actions. To record your answer 

you should simply circle the two letters that correspond to your answers. 

For example, Practice Question Number 6. What two actions would you 

take to remove fhe right guide rod and spring? To do this you would 

push in on the guide rod to compress the spring (the letter "C") and then 

rotate the guide rod counterclockwise (the letter "A") to remove it. 

7a 



Both the letter "A" and the letter "C" should be circled on the answer 

sheet.    Go ahead and record these answers.  (Pause) 

During the test you will have approximately 5 seconds to record 

your answer.    If at any tine during the test you don't know the answer 

to a particular question or you do not have enough tine to respond, 

circle the letter "D" and go on to the next question. 

If you have any question now about how to take this test, please 

raise /our hand and the examiner will help you. 
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.1. ... ... 

Paper and Pencil Copy 

MAIN GUN BREECHBLOCK TEST QUESTIONS 

1. Hf>fnrp you  begin to remuve and disassemble the breechblock, which part 
would you check out first? 

•a. Main gun safety lever 
b. Adjuster 
c. Breechblock crankstop 

2. Which piccurc shows the main gun safety in the safe position? 

a.    Safety lever's  i rward (up) 
*b.    Safety lever is rearward (down) 
c. 

3. Which part would you check out next? 

a. Main gun safety lever 
b. Adjuster 

*c.    Breechblock crankstop 

4. Which picture shows the crankstop in the correct position? 

*a.    Crankstop is rearward (up) 
b. Crankstop is forward (down) 
c. 

5. Which part would you take action on to complete the safety checks? 

a. Safety release lever 
•b. Breech operating handle 
c. E/ebolt screw 

6. With the safety checks completed which part would you take action on 
next? 

s.    Breech operating handle 
b. Eyebolt screw receptable 

*c.    Firing pin assembly 

7. After remvoing the firing pin «ssaHbiy, which part would you take v 
action on next? 

a. Breech operating handle 
b. Firing pin well 

*c.    Eyebolt screw 

• 
Indicates correct answer. 



8. Aft^r hooking the chain to tho turret roof and eyebolt screw; which 
picture shows how tight you would crank the chainhoistf 

•a. Tight 
b. Loose 
c. Moderately tight 

9. With the chain tight, which part would you take action on next? 

a.    Breechblock crankstop 
*b.    Adjuster 
c.    Chain hoist crank 

10. Which action would you take first to release spring tension on the 
adjuster? 

a. Push forward 
b. Depress plunger 

*c.    Pull rearward 

11. With   the adjuster tension released, which part would you take action 
on next? 

a. Manual elevation handle 
b. Chain hoist crank 

*c.    Breechblock crankstop 

12. Which of these pictures shows the result of that action? 

a.    Crankstop is rearward fup) 
*b     Crankstop is forward  (down) 
c. 

13. After reversing the direction of the chainhoist, which part would you 
take action on to start the breech downward? 

•a.    oreechblock operating handle 
b     Chain hoist crank 
c. Firing pin well 

14. Once the breechblock starts downward, how far down would you lower 
the breechblockV 

a. Partially 
*b. Midway 
c. Completely 

15. Which action would you then take to remove the pivot pin? 

a. Push up 
•b. Push right 
c. Pull down 
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16. Once the chainhoist is removed from the eyebolt screw, which action 
would you take next? 

a. Unhook chain hoist 
b. Lower breech operating handle 

*c.    Remove extractor 

17. To disassemble the breechblock machanism which part of the firing 
contact group would you take action on to unlock it? 

a. Center circle of firing contact 
b. Recessed edge of firing contact 

•c.    Plunger 

18. Which two actions would you take? 

*a.    Rotate counterclockwise 
*b.    Depress plunger 
c. Rotate clockwise 

19. To disassemble the retractor driver group, which part would you take 
action on? 

a. Retractor driver clamp 
*b. Screw 
c. Retractor driver 

20. To assemble the breechblock mechanism which picture shows the order 
in which you would assemble the retractor driver group? 

*a. Screw, clamp, driver, shaft, spring 
b. Screw, clamp, spring, shaft, driver 
c. Screw, shaft, clamp, spring, driver 

21. After installing the spring, which action would you take to install 
the retraction drivev shaft? 

a. Large end of shaft down 
•b. Large end of shaft up 
c- 

22. Which action would you take to install the retractor driver? 

a«    Align holes with L-shaped sides facing down 
*b.    Align holes with L-shaped sides facing up 
c.    Place L-shaped sides up 

' 
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23. Which action would you take to install the retractor driver clamp? 

a. Align so hole in clamp is closer to buttom of breechblock 
b. Align so hole in clamp is closer to right side of breechblock 

*c. Align so hole in clamp is closer to top of breechblock 

24. Which picture shows the order in which you would assemble the firing 
contact group? 

a. Spring, plunger, retainer, washer, shaft, sleeve 
*b. Retainer, washer, shaft, sleeve, plunger, spring 
c. Retainer, sleeve, shaft, washer, plunger, spring 

25. Which action would you take to install the firing contact sleeve? 

a. Insert with small tip-end up 
•b.  Insert with small tip-end down 
c. 

■ 

26. Which action would you take to install the firing contact? 

a. Insert with small tip-end up 
*b. Insert with small tip-end down 
c. 

27. After installing the washer and spring, which action would you take 
to install the plunger? 

*a. Insert with small tip-end up 
b. Insert with small tip-end down 
c. 

28. To install the breechblock into the breech rings, which extractor 
would you install in the right side of the breech? 

a. Extractor with plunger at 11 o'clock 
•b. Extractor with plunger at 1 o'clock 
c. 

29. Which action would you take? 

a.  Insert with plunger facing breech ring 
•b.  Insert with plunger facing opposite breech ring 
c. Insert with plunger facing down toward breechblock cavity 

H3 
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30. After hooking up the chain hoist, how far up would you raise the 
breechblock? 

a. Just off turret floor 
•b.    Up to tip of extractors 
c.    Up to top of breech ring 

31. With the breechblock in this position, which part would you take 
action on next? 

•a.    Plunger 
b. Tip of extractor 
c. Eyebolt screw 

32. Which two actions would you take to trip the right extractor plunger? 

a. Depress the operating handle plunger 
•b.    Push forward on chain hoist crank 
*c.    Depress plunger with screw driver 

33. After both plungers have been depressed, how far up would you raise 
the breechblock? 

*a.    Two clicks 
b. Five clicks 
c. Seven clicks 

34. Which two actions would you take to guide the breechblock pivot pin 
into the T-slot? 

*a. Push forward on chain hoist crank 
*b. Check position of pivot pin in am 
c. Slide pivot pin to left of arm 

35. Which two actions would you take to trip the right extractor? 

a. Push rearward on extractor with screwdriver 
*b. Push rearward'on chain hoist crank 
*c. Push forward on extractor with finger 

36. With the breechblock now fully raised, which part would you take 
action on next? 

... 
a. Adjuster 
b. Chain hoist 

*c.    Breechblock crankstop 
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37. After positioning the cranks top, which part would you now take action 
on? 

•a.    Adjuster 
b. Chain hoist 
c. Breechblock crankstop 

38. Which action would you take to apply spring tension to the adjuster? 

*a.    Pull rearward 
b. Push upward 
c. Push forward 

39. In which recess would you place the adjuster? 

*a.    Plunger is not visible 
b. Half of plunger is visible 
c. Plunger is fully visible 

40. After removing the chainhoist and eyebolt screw, which part would 
you take action on next? 

a.    Breech operating handle 
■•b.    Firing pin well 
c.    Eyebolt screw 

41. Which action would you take to install the retractor guide assembly? 

a.    Insert with flat-end of guide forward and retractor down 
*b.    Insert with open-end of guide forward and retractor up 
c.    Insert with falt-ond of guide forward and retractor up 

42. Which action would you take to install the firing pin? 

a.    Insert with flat-end forward 
*b.    Insert with pointed-end forward 
c. 

43. With the breechblock fully instclled, which part would you take 
action on next? 

a.    Safety rear 
•b.    Breech operating handle 
c.    Gunner's stab controls 

44. If the breech closes, too slowly, during the function check, which 
part would you take action on? 

a.    Safety lever 
•b.    Adjuster 
c.    Breechblock crankstop 
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PERFORMANCE CHECKLIST (SHORT FORM) FOR EVALUATING HANDS-ON 
TEST PERFORMANCE ON THE 105MN MAIM GUN (M68) BREECHBLOCK 

MECHANISM* 

m 
m 

NAMI 

TliST:    RUMUViNC ANU OlMSSiMBUNC »RLnCIIBUCIC 

  coot   

TASk STEPS^ELCWENTS 

OiECK SAFETY 

Lift Up on Safety ftiUa»« Uv«r 

OIECK URtECHBUJCK CRANKSTOP 

Sct/F««l Position of Crahkttop 

TOTAL TING 

P T L A R 
A 0 0 C E 
K 0 C T S 
T L U I U 

SOL 
N       T 

OIECK CHAMBER FUR AN«) 

OeprtfS Brooch Operating Handle Plunger 

Pull Back on tteadle and Rotate Cooplatelx OOMI 

Lift Up en Handle and Rotate Camplatelr PomaK^l 

See /Feel Chaabor for An» 

Obtain Breechblock Cloiing Tool (RAH/EnHACTOfc) 

Puih E«tractor(f) Forward with Tool 

Roplaca Tool in Secure Petition 

KEHOVE FIRING PIN ASSEMBLY 

Slide Retainer Lug Plunger to the Right 

Push in on Retainer and Rotate Couatertloclwiao 

Lift Off Retainer and Separate fron Spring 

Place Part* in Secure Petition n Anriet Ploor 

Obtain Screwdriver 

tnaert Screwdriver In Center of Retractor Guide 

Pry Retractor Guide Atseably Forward 

Lift Out Firing Pin 

Lift Out Retractor Guide Assembly 

Place Parts In Secure Position on Tenet Ploor 

Replace Screwdriver in Secure Petition 

INSTALL EYEBOLT SCUM . 

Untere« Eyebolt frea Stewed Position Near Gun 

Screw Eyebolt into Center of Breechblock Until Tickt 

Backoff Eyebolt to Align with Breech 

INSTALL THE CHAIN HOIST 

Obtain Chain Holet 

Connect Chain Heltt Hook M Hook an Turret Reef 

Connect Chain Holet Hook to Eyebolt Sere« 

Pull Back en Chain to Keep it Tight 

Crank Cfcain Heltt Until Chain It Tightened 

9 

ft 

© 

© 
© 

© 

© 

GT© 

«*© 

0 

A 

A 

A 

© 

OBSF.RVATIOVS 

Performance elements corresponding to the short form AVS breechblock 
test «re numbered. a, 86 



.\1>M 

a 

(3 

oa 

[ID 

03 

COO 

GH 

TASK SriPS/EU-MtNTS 

Rt.LCASE AnUISTEH TENSION 

Obtain Spanner Hrenrh (and Screwirivar) 

Plar» Spannrr »r*n'.-h ir. !Ulc» an AJjaalvr 

Pull lack on Spannrr Wrench «nJ Mold 

Insert Screwdriver an Adjuster Plunger and Urpress 

Let out on Spanner Wrench a« Adjuster Rotates CCN 

Rcitowe Spanner Wrench (and Screwdriver) 

Kcplcce Tools in Secure Position 

RELEASL BRtlCIIBLOCK CRANKSTOP 

Obtain Allen Wrench 

Insert Allen Wrench into Crankstop Mole 

Push Up and Slide Crankstop Coapletely Forward 

Raaov« Allen Wrench and Secure in Safe Position 

LOOSEN IIIH CHAIN 

Pull Out on Directional Knob and Rotate CM 

Pull Out on Chain to Keep it Tight 

Crank Chain Hoist until Chain is Slack 

START BREECHBLOCK DOWNWARD MOVBMENT 

Depress Brooch Operating Handle Plunger 

Pull Handle Bark Until Breechblock Drops 

Rotate Handle Coapletely Forward 

© © 
T 

T 

T 

© 
P   T 

P   T 

I) © 
P 

P 

Crank Chain Hoist Until Pivot Pin is Free of T-Slot (?)     T 

REMOVE PIVOT PIN 

Reach Under Brooch and Push/Pull Out Pin P  T 

Place Pivot Pin in Secure Position on Turret Floor P  T 

LOWER BREECH BLOCK 

Crank Chain Hoist Until Breechblock Reaches Controllec^ 
Cover (M  T 

Pull Chain to Swing Breechblock Rearward while P   T 
Cranking Chain Hoist 

Crank Chain Hoist until Breechblock Rests on FT 
Turret Floor 

RELEASE THE CMAINHOIST 

Crank Chain Hoist Until Hook is Loose in Eyebolt P  T 

Unhook Chain Hoist fro« Oyebolt Screw P  T 

(Place Chain to Left or Right of Main CM) P  T 

REMOVE EXTRACTORS 

Lift Out and Up on Left or Right Extractor        @ T 

Lift Out and Up on Reaaining Eatracte.- P T 

Place Eatmctors in Secure Position on Turret Floor  P T 

0® 
A   K 

0 
0© 

»r 
© 

©© 
A 

0 

'0 

OBSLRVATIONS 

TU BE DONE BY ASSISTANT 

TO BE DONE BY ASSISTANT 

TINE COMPLETED 
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\M USH SgW/tllJWNTS 

uisvsMMiu ;.v, lUHiciiuitx:»; 
ii,>>>yt ruiNc o»>r.u.T CMur 

m «MOM  MHiNC roM.v:i Pl^ll 

OI>« nn Vwnlnvcr 

InM-rl  Scr*«Jri<ri.-r on t'lunfrr anil Ptpr«»a 

Rotate riatc OMMMSlMhalM JnJ Lift Off 
itrplji'tf Scrrotlnvor in Smir« 1*0111 toa 

Place Plate   in S.ifr Position on Turrot floor 

»mm FUINC; OMMCI PLUNCCH 

Lift (Xit  Plunger Pro* Recos» 

PUct Plunger In S»f» Position on Turrot Ploor 

RCM0VE FI KINO CaNTACT MAStltH 

Lift Ulf M«sR«i'  fro« Flrin: Contact 

PUco «ashcr In Saft Position 0« Turret Floor 

RUOVC  FIRING CONTACT 

lift Out Contac:  froa Rccosa 

Placo Contact in Safe Posit ion M Turret Floor 

REMOVE FIRING CONTACT SLEEVE 

Insert Finjer Into Sloovo «nJ Lift Out 
PUco Sloovo in Safo Position on Turrot Ploor 

REMOVE FIRING CONTACT SPRING 

Obtain Allen »ronch 

Insert  Into Rocosi ami Pull Out Spring 

Place Spring in Safo Positioa on Turrot Floor 
Roplaro Tool  in Seeuro Position 

RIMWE RETRACTOR DRIVER CROUP 

C2 

□1 

Da REMOVE RETRACTOR DRIVER 

Obtain Alton Nronch 

Insert   into Screw *IHI Rotafa COM until Loose 

Lift Off Screw Uasher-Claop and Driver 

PUco Part* in Safe Posittor on Turrot Ploor 

REMOVE RETRACTOR DRIVER SHAFT 

Lift Out Skaft froa Rocoss 

Place Shaft In Safe Position an Turrot Floor 

P        T        I        A        « 

14    '' 0 0 

0 
p 

0 
p 

0 
p 

0 
p 

p 

0 
p 

p 

© 
A 

0 
A 

0 
A 

0 
A 

A 

0 

0     T       l    0     R 
r     T     1    A    \ 

REMOVE RETRACTOR DRIVER SPRING 

Insert Alloa Krooch into Rocoss and Pull Out Spria« 0 T L (A) R 
•Uee Sprint la Safo Pos it Ian an Turrot Plow P T I       A R 

Replace Allan Nronch In Secure Position P T I       A R 

oismv-MioNS 

TINE COMPLETID 

TINI OOMPUTW 
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CD 

CD 

a 

IMKIL «ItMcW« Mm» CM» 

lUTAii HiMi'fo« MIVU iniw: 

rut Uf Sfr.Kj fnm r«rii a« TWrrat »l*»i 

I»«»« Sfrt») UK (•»•• 

■MULL uTMcnw Mum si«n 
ritt I* SMfl  frM r»ri> oft TUrr»« PlMr 

U«tri Sita of Mufi  lai« Htmi I* ■•»•• 

ASNCHIIU UlCtaVU« «MB SCW» 

ritt Up MttMtMt «Ml *lIM Sen» 

U.trt   LMtMtlMt Ml* *IIM S«tM 

n«T:    AMfMilW AM>  UNrAUINC 11« t«! rctWU«» 

 COI*  IttTAl   TINT 

ao 0 
r 

AD 0 
r 

V 
© 

ao IMTtll UTWCTM Mm« 

rtel 19 iiri.tr Irm r»r«i M Twrrti PlMr 

riMt MM •! Onttr M Mwfl »M lM*r U PMlttM     r 
© 

IWTAtl 

INSTtll MTMCTW MIVU ClAMT 

ritt vf ClMp IrM r«rtt M ItartM PlMr 

run ri«M Mt« »rinr ■lit NMIU IM TM*r4> 
r*M »I trMck 

INSTALL UKnMM« AM) «CM» 

Ali(A NtU U trMcKklMt «tin MrU •■ Orlttr «M 
Cl^ 

In»«rt Sen« tat Um* TlfklM 

Oktal* AHM «rMtk 

UMft   IM* Str*a «M TlfklM S*cur*lr 

MylM* TMI I* Sccun r*tiilM 

0 

a 
□ 

[3 

a 

INSTALL riniNe coNTAa srtiM 
rick Uf fftit trm r*rti M Turrvt »iMt 

l*Mrt Sfnai  ikt* ••«••• 

INSTALL riiINC CONTACT SULVI 

ritt 1^ Sl»t»» CTM ftrn M Torrtt riMr 

l*Mrt l«<* l*c*t* ■Ilk OpM-IM Uf 

INSTALL rUIWS CTWTACT 

rut «y CMUtl fn* ttr-.t M ftrr*t floor 

Inttn  Ul* Slot»o «uk Ur|tr Ti» tM Uf 

INSTALL rUINC CONTACT »Mil** 

riet Uf lAtktr fro* rtrtl M TVirptt Floor 

lM*rt Ov*r tf *f FlrUi CMIMI 

INSTALL  fUlNC OÜVTACT PlUNCk« 

rut Uf riu«4*r fn« r*rli M Tvirrot riMI 

U»*ri 1*1* Sprl*| «ilk Tip-CM Uf 

A4- 0 

r0 

M 
© 

*4 
© 

T© 

«♦, INST\LL riklkC CONTACT ruTt 

rut up rui* rn* TMNI riMr "' 0 

Alig* Art*« M rui* «ilk Am« M (r-wtkklKt f 

Nik rui* OMB MI* tMfMMif *M «MM* Mir c»    r 

i t 
o r 
C T 
U I 
t i 

©0 

^ 0 
I        A 

I A 

1*1» 
1 © 

© 

k A ■ 

I A 

I A 

I A 

c 0 
I A 

I A 

©0 

^0 
I        A 

A 0 

i 0 

i        A 

I     0 

OkSIKATI'lkS 

TIM CCMHITW 

TM 00NrUT«»_ 
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'»      .       1.1 ■ I. I • 

Mi!        TASK STEPVuxMryrs 
1^1 AU. WU.|:(.liai.OCK 

onnrkVAT...". 

G3 

a 

a 

Q 

C3 

a 

INTTALL EXTRACTHHS 

Pick Up txtractors froa Parts on Turr«t Floor 

Insert Left or Right Extractor oato Pivots la a 
•reech King 

Insert Kcaaining Extractor oato Pivot la Broock Riag 

MRMi rut: CHAIN HOIST 

Connect Chain lloist itook to t/ebolt Scrow ia 
Breechblock 

Pull   Out on Chain Hoist nirectioa Caok —i 
Rotate flEti 
Pull Back on Loos« Chain to keep It Tight 

Crank Chain (toist Until Chain it Tight 

■AISE THE BREhCHBUVk INTO BREECH UUT. 

Crank Chain Hoist Mil« Xaopiag Chain Straight 

Guide Breechblock over Controll«r Cov«r 

Guide Br««chblvck into Brooch Ring 

Stop Cranking Chain Holst «hon Broachblock Cootacts 
Plungors 

DEPRESS TIIE PLUNGERS 

Obtain a Scro«driv«r 

Depress Loft or Right Plunger while Cranking 
Chain Hoist 

Depress Raoaining Plunger while Cranking Chain Hoist 

Replace th« Screwdriver in Saf« Position 

RAISE TUE BKEEOIBLOCK 

Crank Chain lloist Two Clicks and Stop 

INSTALL PIVOT PIN 

Pick Up Pivot Pin froa Parts on Turret Floor 

Insort Pin Midway into Oraochblock Crank 

© 
© 

© 

RAISE UREECH3L0CK CRANK PIVOT INTO T-SLOT 

Crank Chain Hoist while Guiding Pivot into Brooch-     _. 
block T-Slot (M 

Stop Cranking Chain Moist wh«n Breochbleck Contacts 
Tip of eatrscters 

'© 

© 

T 

T 

T 

L       A       R 

nS   R 

© 
T 

T 

T 

T 

T 

g 
A R 

A R 

A R 

A © 

n 

1 
* 
© 

A        R 

A Ö 

A    ® 
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[I] 

m 

m 

35 

mir EXTUVTORS 
Ohin« a Scmtlrlver r 

1'utii Fonar.i on Lett or light Edraclor »hue ^^ 
Craiikini Chain Itatft (A 

ruth ror».ir>l on RciMinmf Eatractor «hil« Cr*nkin| 
riuin iiom r 

RcpUc« Scrr«Jri«cr in Satt Potition f 

IWISl   MtFCIIkUKK 1« CLDSU) POSITION 

Crank Chain iloitt until Rrctchklock Align »Ith Top    (7) 
Ut** of »t«»ch v-' 

CUKE MEECH ILOCR CRANKSTOP £ 

Rooch IMer and tliil* Crukacep Comf1» fly Roomrd   © 

ATPIT TENSIOK TO ADJUSTER 

Pick Up Spanner Vrcnch 

Inert hrench Into Slot* o« AJjuiter VI.M 
Pull Hack on Adjuicer until Plunger entert Pint 
Recett 

Reaove Krench tn4 Place It Secure Potmen 

LOOSE* THE CHAIN 

Pull Out so Direct tonal Rook and Rotate CW 

Pull Out on Chein to keep It Tight 

Crank Chtin llottt until Chat* la Slack 

© 
P 

P 

© 
P 

P 

© 

»LMnVt CHAIN MOIST 
DitcoMect Chain Itoitt llook fro« Eyokolt Sere» © 

Dltcowwct Chain lloltt Hook fraa Hook an Turret Roof   P 

Replace Chain Itottt In Secure Potition P 

REMOVE ETEIOLT SCUM 

Untere« Epebolt fro« troochblock 

Screo Eyebolt Into Stou Potition Until Tight 

ISSTAIL FIRING PIN ASSCNtLY 

Pick Up Retractor Guide Attenblf froo Partt on 
Turret Floor 
Intert Guide eith Slot Up until Fluth «1th Firing 
Pin »ell 

Pick Up Firing Pin, Spring and Retainer fron Turret 
Floor 

Intert Firing Pin into Firing Pin Nell ( 

Tuitt spring into Croovet on Racktide of Retainer      | 

Insert into Firing Pin Moll and align Retainer «ith 
Mott 
Slide Plunger to Right and Puth Retainer into firing 
Pin «oil 

Tvi^t Retainer CM Until It Lockt in Potition 

© 

© 
P 

p 

CHECK IIRLUIIIll.(K:K  INSTALLATION 

RrMMt R|P*»> njiT.it ing Handle Plunger 
Pill ibck HI H.inillr j'id Rotate Owpletely Da«n 
lift Up un Handle and Rotate Coapletely Foraard 
Obtain Irccchblock rioting Tool (RAM/BXTRACTOR) 

Puth F«lractor(t) Foruaid «Ith Tool 

Replace Tool  in Secure Potition 

« 

P 

P 

© 
P 

P 

P 

P 

P 

© 

OISERVATIOWS 

56 
© 
0  . 

A        R 

0© 

A      © 

A         R 

V© 
A         R 

0      « 
A         R 

©     R 
0     ' 

A         R 

0     R 
A         R 

© « 

0 » 
A R 

0 • 

TIME COMPLETt* 
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\AMi: 

MAIN GUN BREECHBLOCK TEST 

Answer Sheet 

UNIT 

Practice Questions (Circle answer) 

1. A B C 0 

2. A B C 0 

3. A B C D 

4. A 6 C 0 

5. A B C D 

6. A B C 0 

FOR ADMINISTRATIVE USE 

ST Scare HO Score 

RE     01 AS IN Rli DI AS IN 

PF PF 

ER   ER 

Remove 

TEST QUESTIONS 

Disassemble Assemble Install 

1. A    B    C    D 17.    A    B    C    0 20. A B    C D 28. A B C D 

2. A    B    C    D 18.    A    B    C    0 21. A B    C 0 29. A I C D 

3. A    B    C    D 19.    A    B    C    0 22. A B    C D 30. A B c D 

4. A    B    C    D 23. A B   C D 31. A B c D 

5. A    B    C    D 24. A B   C D 32. A B c D 

6. A    B    C    D . 25. A B   C 0 33. A B c D 

A    B    C    D 26. A B   C D 34. A B c D 

8. A    B    C    D 27. A B   C 0 35. A B c D 

9. A    B    C    D 36. A B c D 

10. A    B    C    D 37. A B c 0 

11. A    B    C    D 38. A B c D 

12. A    B    C    D 39. A B c D 

13. A    B    C    D 40. A B c D 

14. A    B    C    D 41. A B c D 

15. A    B   C    D 42. A B c D 

16. A    B   C    D 43. 

44. 

A 

A 

B 

B 

c 
c 

D 

D 
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Table G-l 

Relationship Between HO Teat Performance and Prior AVS Teat 
(Short Form) Performance for the lOSmn Main Gun (M68) 

Breechblock Tasks 

Task 

HO Test Performance 

Pall Pass 

Combined HO Test Performance 

Pail Pass 

kemoval 
AVS Pass 
Borderline 
AVS Pail 

1 0 
2 
4 

3 
0 
1 

Disassembly 
AVS Pass 
Borderline 
AVS Fail 

1 0 
0 
1 

4 
4 
1 

0 
0 
6 

2 
1 
1 

Assembly 
AVS Pass 
Borderline 
AVS Fail 

1 1 
0 
4 

2 
1 
2 

Installation 
AVS Pass 
Borderline 
AVS Fail 

1 
0 
1 
0 

8 
1 
0 

1 
0 
4 

2 
1 
2 

One AVS test error in Borderline groups for both individual and 
combined tests. 
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APPENDIX H.     AVS  TEST   (SHOPT FORM)   ON CLEARING,   DISASSEMBLY,  ASSEMBLY, 
FUNCTION CHECK,   AND  STOPPAGE ON THE COAXIAL  MACHINE GUN 
(M73/219) 

M73 (Model 219) Machinegun Test 

Test Directions 

In the M73 (Model 219} Machinegun test you are about to take, you 

will be shown a slide and then asked a question. The number of the 

question will always be presented prior to each question. The questions 

you will be asked will be of three types: 

What part would you take action on? 

What action would you takeV, or 

What picture shows the result of that action? 

Possible answers to the questions are the letters A, B, or C shown on 

the slides. After selecting your answer you are to do two things. First, 

find the number on the answer sheet that corresponds to the number of 

the question being asked. Second, circle the letter on the answer sheet 

that corresponds to ycur answer. To demonstrate how the Machine gun 

test is set up, we have put together a series of practice questions on the 

Main Gun Breechblock. 

For example, Practice Question Number 1. Which part would you check out 

first prior to removing the breechblock? "A" shows the safety, "B" shows 

the adjuster and "C" shows he crankstop. Choose A, B, or C, find the 

number 1 under "Practice Questions" on the answer sheet, and then circle 

your answer. If you don't know, circle the letter D. Go ahead and record 

your answer.  (Pause) 

For this question you should have circled the letter "A" opposite 

the number I under practice questions. 
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Practice Question Number 2. Which action would you take to place 

the safety in the SAFt position? A, B, and C show three possible ways 

to perfora this action. Choose A, B, or C, find the nuaber of the practice 

question on the answer sheet and then circle your answer. Again, if 

you don't know the answer to the question, circle the letter 0. Co ahead 

and record your answer. (Pause) For this question the letter B was correct. 

Now listen carefully and answer the reoainlng practice questions. 

Practice Question Nuaber 3. Which picture shows the safety in the 

safe position? (Pause) If you circled the letter "B" the cover, your 

answer was correct. 

Practice Question Nuaber 4. Which part would you check out next 

prior to reaoving the breechblock? (Pause) The correct answer here was 

"A". 

Practice Question Nuaber 5. Which picture «hows the crankstop in 

the correct position? (Pause) The correct answer here was "A". 

In the machine gun test you are about to take, soae questions will 

ask you to choose two parts or two actions. To record your answer you 

should simply circle the two letters that correspond to your answers. 

For example, Practice Question Nuaber 6. What two actions would you . 

take to trip the right extractor? To do this you would push the extractor 

forward (the letter "C") and push forward on the chain hoist crank 

(the letter "B") to trip it. Both the letter "B" and the letter MC" 

should be circled on the answer sheet. Go ahead and record thaae 

answers. (Pause) 
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APPLHDIX H,  AVS TEST (SHORT FORM) ON CLEARING, DISASSEMBLY, ASSEMBLY, 
FUNCTION CHECK, AND STOPPAGE ON THE COAXIAL MACHINE GUN 
{M73/219) 

M75 (Model 219) Machinegun Test 

Test Directions 

In the M73 (Model 219) Machinegun test you are about to take, you 

will be shown a slide and then asked a question. The nunber of the 

question will always be presented prior to each question. The questions 

you will be asked will be of three types: 

What part would you take action on? 

What action would you take?, or 

What picture shows the result of that action? 

Possible answers to the questions are the letters A, B, or C shown on 

the slides. After selecting your answer you are to do two things. First, 

find the nunber on the answer sheet that corresponds to the nunber of 

the question being asked. Second, circle the letter on the answer sheet 

that corresponds to your answer. To demonstrate how the Machine gun 

test is set up, we hatre put together a series of practice questions on the 

Main Gun Breechblock. 

For exanple. Practice Question Nunber 1. Which part would you check out 

first prior to renoving the breechblock? "A" shows the safety, "B" shows 

the adjuster and "C" shows the crankstop. Choose A, B, or C, find the 

number 1 under "Practice Questions" on the answer sheet, and then circle 

your answer. If you don't know, circle the letter 0. Go ahead and record 

your answer. (Pause) 

For this question you should have circled the letter "A" opposite 

the nunber 1 under practice questions. 
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Practice Question Nunber 2. Which action woulti you take to place 

the safety in the SAFE position? A, B, and C show three possible ways 

to perfona this action. Choose A, B, or C. find the number of the practice 

question on the answer sheet and then circle your answer. Again, if 

you don't know the answer to the question» circle the letter 0  Go ahead 

and record your answer.  (Paus?) For this question the letter B was correct. 

Now listen carefully and answer the renainlng practice questions. 

Practice Question Nuaber 3. Mhich picture shows the safety in the 

safe position? (Pause) If you circled the letter "B" the cover, your 

answer was correct. 

Practice Question Nuaoer 4. Which part would you check out next 

prior to removing the breechblock? (Pause) The correct answer here was 

"A". 

Practice Question Number S. Which picture shows the crankstop in 

the correct position? (Pause) The correct answer here was "A". 

In the machine gun test you are about to take, some questions will 

ask you to choose two parts or two actions. To record your answer you 

should simply circle the two letters that correspond to your answers. 

For example. Practice Question Number 6. What two actions would you 

take to trip the right extractor? To do this you would push the extractor 

forward (the letter "C") and push forward on the chain hoist crank 

(the letter "B") to trip it. Both the letter "B" and the letter "C" 

should be circled on the answer aheet. Go ahead and record these 

answers.  (Pause) 



• 

' 

During the test you will havo approxiMtely 5 seconds to record your 

answer. If at any time during the test you don't know the answer to 

a particular question or you do not have enough tiae to respond, circle 

the letter "D" and go on to the next question. 

If you have any question now about hew to take this test, please 

raise your hand and the exaainer will help you. 

^7 

L 



MNP AND I'ENCIl COPS  OF THE AVS TEST (SHORT FORM) 

M7^ (MOnni. 2191 MACIIINU GUN TEST QUCSTiONS 

CLEARING 

The M2iy MichincKun is loaded with a 20 round belt of amunition. As the 
loadert your task is to clear the weapon. 

1. Which part would you take action on first to clear the weapon? 

a. Disconnector ring 
b. Charger handle 

•< . Safety 

2. Which action would you take on the safety? 

•a. Slide lever to right 
b. Slide lever to left 
c. Push lever up 

3. Which picture shows the result of that action? 

•a.  "F" shows 
b. "S" shows 

4. Which part would you take action on next? 

a. Cover 
b. Cover latch rod 

•c. Charger handle 

5. Which action would you take on the charger handle? 

a. Pull sideways 
b. Pull up 

*c. Pull back 

6. Which part would you take action on now? 

a. Disconnector ring 
b. Charger handle 

•c. Safety 

7. Which action would you take? 

a. Slide lever to right 
*b. Slide lever to left 
c. Push lever up 

* Indicates correct answer. 
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8     Which part would you take action on next? 

a. Cover 
•b. Cover latch rod 
c. Charger handle 

9. Which action would you take to raise the cover? 

*a. Push in on rod and lift up on cover 
b. Pull back on disconnect ring and lift up on cover 
c. Depress buffer support lever and lift up on cover 

10. Which part would you take action on next? 

a. Buffer support lever 
•b. Ammo belt 
c. Charger handle 

11. Which part would you take action on now? 

a. Cover 
•b. Feed tray 
c. Cover latch rod 

12. Which action would you take to inspect the weapon? 

a. Feel top of extractors 
b. Feel insidf. of feed tray 

*c. Feel inside of chamber 

13. Which part would you take action on next? 

a. Cover and feed tray 
•b. Safety 
c. Charger handle 

14. Which picture shows the result of that action? 

•a.    MF" shows 
b. "S" shows 
c. 

15. Which part would you take action on next? 

a. Cover and feed tray 
b. Charger handle 

*c.    Firing trigger 
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8. Which part would you take action on next? 

a. Cover 
•b. Cover latch rod 
c. Charger handle 

9. Which action would you take to raise the cover? 

•a. Push in on rod and lift up on cover 
b. Pull back on disconnect ring and lift up on cover 
c. Depress buffer support lever and lift up on cover 

10. Which part would you take action on next? 

a. Buffer support lever 
•b.  Ammo belt 
c. Charger handle 

11. Which part would you take action on now? 

a. Cover 
•b. Feed tray 
c. Cover latch rod 

12. Which action would you take to inspect the weapon? 

a. Feel top of extractors 
b. Feel inside of feed tray 

*c. Feel inside of chamber 

13. Which part would you take action on next? 

• 
a. Cover and feed tray 
b. Safety 
c. Charger handle 

14. Which picture shows the result of that action? 

•a. "F" shows 
b. "S" shows 
c. 

15. Which part would you take action on next^ 

a. Cover and feed tray 
b. Charger handle 

•c.    Firing trigger 
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M73  (MODEL 2l9)MACHINc UJN  VIST QUESTIONS 

DISASSEMBLY 

As th« loader, you hav« just cleared the M219 machine gun. Your task 
now is to disassemble th« weapon for cleaning and lubrication. 

1. Which part would you remove first? 

•a.    Barrel and jacket assembly 
b. Cover assembly 
c. Charger assembly 

2. Which action would you take to remove the baxrel and jacket assembly? 

a. Depress buffer support lever 
•b. Pull back on disconnector for ring and rotate barrel jacket CN 
c. Pull back on both disconnector rings 

3. After removing the barrel, which part would you remove next? 

a. Charger assembly 
•b. Cover assembly 
c. Firing trigger 

4. After removing the cover, which part would you remove next? 

•a. Feed tray 
b. Cover latch rod 
c. Firing trigger 

5. After removing the cover and feed tray, which part would you remove next? 

a. Charger assembly 
•b. Guide rod and spring assembly 
c. Backplate assembly 

6. Which two actions would you take to remove the left guide rod and spring? 

a. Rotate left 
*b. Rotate right 
•c. Push in 

7. After removing both guide rods and springs, which part would you 
remove next? 

a. Charger assembly 
b. Barrel extension assembly 

*c. Backplate assembly 

* Indicates correct answer. 
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8. After removing the backplate, which part Mould you take action on next? 

a. Buffer support lever 
b. Cover latch rod 

•c. Charger handle 

9. Which action would you take to charge the weapon? 

•a. Brace weapon while pulling back on charger handle 
b. Depress buffer support lever while pulling charger handle 
c. Push forward on barrel extension while pulling back on charger handle 

10. With the barrel extension locked to the rear» which part would you 
take action on next? 

*a. Buffer support lever 
b. Right disconnector ring 
c. Cover latch rod 

11. Which action would you take to remove the barrel extension? 

»•. Mold buffer support lever down and pull barrel extension to rear 
b. Hold buffer support lever down and lift up on barrel extension 
c. Hold buffer support lever down and push forward on barrel extension 

12. Which two actions would you take to remove the breechblock? 

a. Slide left 
* b.  Lift up 
*c. Slide right 

13. Which part would you remove next? 

a. Front mountinn screw 
b. Charger handle screw 
*c. Retaining clip 

14. Which part would you remove next? 

a. Front mounting stud 
b. Left disconnector rign 

*c. Rear mounting stud 
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M73 (MODEL 219) MACHINE GUN TEST QUESTIÜNS 

ASSEMBLY 

As the loader you have Just cleaned and lubricated the N219 machine gun. 
Your task now is to asseable the weapon? 

1. Which part would you install first? 

•a. Rear Mounting stud 
b. Cover 
c. Charger assembly 

2. After installing the rear mounting stud, which part would you install next? 

a. Cover and feed tray assembly 
•b.    Charger assembly 
c.    Backplate assembly 

5.   After installing the charger assembly, which part would you install next? 

«a.    Breechblock 
b. Guide rods and springs 
c. Backplate assembly 

4. Where in the receiver would you install the barrel extension? 

a.    Front 
*b.    Top rear 
c.    Bottom rear 

5. Which action would you take on the breechblock? 

a. Push forward 
•b.    Slide to right 
c.    Slide to left 

6. Which part would you take action on next to install the barrel 
extension into the receiver? 

*a. Buffer support lever 
b. Cover latch rod 
c. Extractor 

7. Which action would you take on the buffer support  lever? 

a.    Pull up 
•b.    Push down 
c.    Push forward 

* Indicates correct answer. 
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8. How far into the receiver would you push Che barrel extension? 

a. Part in Uy 
b. Half-way 

•c. Completely 

9. After installing the barrel extension, which part would you install next? 

*a. Backplate assembly 
b. Cover 
c. Guide rods and springs 

10. After installing the backplate, which two action» would you take to 
install the left guide rod and spring? 

•a. Rotate left 
S», Rotate right 

*c. Push in 

).l. Which picture shows the guide rods and springs properly Installed? 

•a. "V" is formed 
b. "-/" is formed 
c. •,\-" is formed 

12. Which part would you install next? 

a. Cover 
•b. Feedtray 
c. Barrel 

13. After installing the feed tray, which part would you install next? 

*a.    Cover 
b. Bcrrel 
c. Barrel jacket 

14. If the cover fails to lock closed, which pirt would you tak« action 
on next? 

a.    Left disconnector ring 
*b.    Cover latch rod 
c.    Charger handle 

15. Which part would you install next? 

a. Receiver grcup 
b. Barrel jacket 

*c.    Barrel 
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16. Which action would you t«k« to install the barrel Jacket assaabl/ onto 
tho recoiver? 

*a. Pull back on left disconnector ring and rotate barrel jacket 
assesbl/ down 

b. Depress buffer »upport lever and rotate barrel jacket assembly down 
c. Push in on the cover latch rod and rotate barrel jacket assembly 

down 

• 
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M73 (MODEL 219) MACHINÜ CUN l-EST QUESTIONS 

FUNCTION CHOCK 

After assembling the M219 machine Run, your next task as the loader is to 
conduct a function check. 

1. Which part would you take action on first to conduct a function check? 

a. Cover latch rod 
♦b. Safety 
c. Charger assembly 

2. Which action would you take? 

"a. Slide lever to right 
b. Push lever up 
c. Slide lever to left 

3. Which picture shows the result of that action? 

•a.  "F" shows 
b. •'S" shows 

4. With the safety in FIRE, which part would you take action on next? 

a. Buffer support lever 
b. Cover 

*c. Charger handle 

5. After hand charging the weapon, which part would you take action on next? 

a. Cover latch rod 
•b. Safety 
c. Charger assembly 

6. Which picture shows where you would place the safety? 

a. "F" shows 
<b.    "S" shows 

7. With the safety in SAFE, which part would you take action on next? 

a. Buffer support lever 
•b  Trigger 
c. Charger handle 

8. If the weapon does not fire, which part would you take action on next? 

a. Cover latch rod 
•b. Safety 
c. Charger handle 

* Indicates corrurr on...—       ,n': 
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9.    With the safety in FIRE, which action would you take next? 

a.    Press trigger 
•b.    Press trigger while holding charger handle rearward 
t«    Press trigger while pulling up on charger handle 

10. Which part would you take action on next? 

a.    Cover latch rod 
•b.    Safety 
c.    Charger handle 

11. Which picture shows the safety in the SAFE position? 

a.    "P" shows 
•b.    "S" shows 

107 
Mi.-* 



ii HMi —in»! mm 

M73 (MODHL 219) MACMINC QIN TliST QlllSilONS 

STOPMAGII 

The HZlt nuichino I:UII has fired aorc than 200 rounds within the past two 
Minut«s. The gunner announces "STOPPAGE". As the loader your task is 
to correct the stoppage. 

1. Which action would you take first when applying immediate action to 
correct a stoppage? 

a. Slide safety to right * 
b. Pull out the ammo belt 

*c. Wait for a hangfire 

2. How long would you wait? 

a. Wait 1 second 
b. Wait 3 seconds 

*c. Wait S seconds 

3. Which action would you take next? 

a. Pull out the ammo belt 
b. Slide safety to the left 

*c. Pull the charger handle fully rearward 

4. After you announce "UP", the gunner attempts to fire and again 
announces "STOPPAGE". Which action would you take first? 

a. Slide safety to right 
b. Pull out the ammo belt 

*c. Wait for a hangfire 

5. How long would you wait for a hangfire? 

a. Wait 1 second 
b. Wait 3 seconds 

*c.    Wait S seconds 

6. Which action would you take next? 

a. Pull out the ammo belt 
b. Slide safety to the left 

«c.    Pull the charger handle fully rearward 

7. After hand-charging the weapon, which part would you take action on next? 

a. Left disconnector ring 
b. Charger handle 

•c.   Safety 

* Indicates correct answer. 108 



8. Which picture shows the result of that action? ' 

a.    "F" shows 
•b.    "S" shows 

9. With the weapon charged and safed, which part would you take action 
on next? 

a. Left disconnector ring 
•b. Cover latch rod 
c. Charger handle 

10. After opening the cover, which part would you take action on next? 

a. Butfer support lever 
•b. Ammo belt 
c. Charger handle 

11. After removing the ammo belt and spent cartridges or links, which 
part would you take action on next? 

a. Cover and feed tray 
b. Charger handle 

•c. Safety 

12. Which action would you take to place the weapon in FIRF? 

a. Push up 
b. Slide to left 

*c.    Slide to right 

13. Which part would you take action on next? 

a. Cover 
b. Trigger 

•e.    Charger handle 

14. Which action would you take? 

a.     Press trigger while holding chain rearward 
•b.    Press trigger while slowly releasing charger handle 
c. Press trigger 

15. After pulling the charger handle to the rear, which part would you 
take action on next? 

a. Cover and feed tray 
•b. Safety 
c. Charger handle 
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16. Which picture shows the result of that action? 

a. "F" shows 
•b. "S" »hows 

17. With the weapon sutVd, which action would you take next? 

*a.  Reload the weapon 
b. Close the cover and feedtray 
c. Depress the buffer support lever 

IS. After reloading the weapon, which part would you take action on? 

•a. Cover 
b. Charger handle 
c. Trigger 

19. Which part would you take action on next? 

a. Cover latch rod 
•b. Safety 
c. Charger handle 

20. Which picture shows the end result of that action? 

•a. "F" shows 
b. MS" shows 

it 
v 
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H219 MACHINE GUN TEST 

Answer Sheet 

NAME UNIT 

Practice Questions  (Circ)« «nswor) 

A B C D 

A B C Ü 

A B c D 

A B c D 

A B c 0 

A B c D 

FOR ADMINISTRATIVE USÜ 

ST Score IK) Score 

CL      01      AS     FC CL      01      AS      K 
PF 

ER 

PF 

ER 

TUST QUESTIONS 

Clear 01 $as semble Assemble Function Check Sto EiLaJi£ 
"* 

.    A B C D A B   C 0 1. A B C I) I. A B C 0 1. A B C D 

.     A B c 0 A B   C 0 2. A B C 0 A B C 0 -> * . A B c D 

.     A B c D A B   C c 3. A B C 0 3. A B C 0 5. A B c 0 

.     A B c D A B   C D 4. A B c 0 4. A B c 0 4. A H c n 

.     A B c D A B   C 0 S. A B c 0 S. A B c 0 5. A » c 0 

.     A B c 0 A B   C 0 6. A B c 0 6. A B c 0 0. A 1 c D 

.     A B c 0 A B   C 0 7. A H c D 7. A B c 0 7. A I c 0 

.     A a c 0 A B   C 0 8. A B c D 8. A B c 0 8. A 1 c D 

.     A B c D A B   C 0 9. A B c 0 9. A B c 0 9. A l\ c D 

.     A B c 0 A B   C 0 10. A B c 0 10. A B c 0 10. A B c I) 

.     A B c 0 A B   C 0 11. A B c 0 11. A B c 0 11. A 1 c \) 

' u .     A B c 0 A B   C 0 12. A B c 0 12. A B c 0 
1 

.     A B c D A B   C 0 13. A B c 0 13. A B c D 

* \<i .     A B c n A B   C 0 14. A B c 0 14. A B c l> 
1 

.     A B c 0 IS. A B c 0 IS. A B c D 

.     A B c 0 16. A B c 0 16. A B c D 

'   17 .     A B c D • 17. A B c D 

.     A B c 0 18. A B c D 

i    18 .     A B c 0 19. A B c D 

.     A B c D 20. A B c 0 
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PERPORMMiCt CHECKLIST 

TASK:    CU-AftING TIX M219 MACHINE fiUN 

PLACE MG SAFETY  IN FIRE POSITION 

Slide trigger safety to left unt-1 "F" shows on bsckplste   {Pj   T      I   fOQ 

IIANDCtiARGE Tlil MG 

Grasp charger handle and pull fully rearward until bolt       ^-v /->v 
locks [fj   T      L   \AJ  I 

PLACE MG SAFETY  IN SAFE 

Slide trigger safety to left until "S" shows on beckplate   Q*J  T     L   (\J' R 

RAISE TtiE COVER ASSEMBLY 

Push in on cover latch rod and hold aoaentarily CrJ   T      L   (\,   R 

lift up on cover and rotate CW until fully opened P     T      L   fAj   K 

Q REMOVE AM«) BELT 

© 

0 

Grasp aaao belt near receiver [Pj T  L  A  R 

Pull out and up on aauao belt until reaoved P T  L  A  R 

RAISE FEED TRAY GROUP 

Lift up on feed tray and rotate fully CW P T  L  A  R 

*if locked, push the cover latch rod fully forward P T  L  A  R 

•Lift up on feed tray and rotate fully CW P T  L  A  R 

INSPECT MG FOR A»MO 

Insert finger into chamber (cold gun) and check for anc/)   P I 

took into chamber for awo P T 

8|  PLACE THE MG SAFETY IN FIRE POSITION 

Slide trigger safety to left until "S" shows on backplate MM T 

0 

Q ••FIRE" THE MG 

Pull the charger handle until chain is tightened P T 

Push aanual firing trigger forward CPJ T 

Release charger handle slowly until bolt is fully forward P T 
* Indicates possible alternative actions required. 
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\\o[     CLOSt FEED TRAY GROUP AND COVER ASSEMBLY 

Rotate cover and feed tray down until  locked in position 

•If unlocked, push cover latch rod completely forward 

'Push down on cover until it lockes in position 

[u]     PLACE MG SAFETY IN SAFE 

Slide trigger safety to left until "S" shows on backplate 

© T 

P      T 

P      T 

© 

L 

L 

L 

A 

A 

A 

113 



a 

a 

a 

■ 

Q 

R 

TASK:  DISASSIiMULY OF M219 MACJIIM: CUN 

MNQVI UAUKLL JACkET ASSLMÖLY FROM MCBIVM 

Pull left disconnector rin^j fully rearward              P T  L (/C) 

Rotate barrel jacket assembly CW until removed from /_ ^~^ 
receiver MM T  L MXJ U 

'Pull left and right disconnector rings fully rearward     P T  L  A  ;< 

•Pull receiver assembly away from barrel jacket assembly   P T  L  A  R 

REMOVE BARRE'. FROM BARREL JACKET ASSEMBLY 

Slide barrel rearward until removed from jacket assembly   P T  L  A  R 

REMOVE COVER ASSEMBLY 
• 

Push in on left cover latch rod and hold ffj T  L  A  K 

Lift up on cover and hold                            P T  L  A  R 

Push in on opposite cover latch rod                   P T  L  A  R 

Lift off cover and place in safe position              P T  L  A  R 

'Push in on left and right cover latch rods and hold      P T  I.  A  R 

'Tilt receiver on end and "drop" cover assembly          P T  L  A  R 

R 

REMOVE FEED TRAY GROUP 

Lift straight up on feed tray and place in safe position (?) TLA 

'If locked, push cover latch rod completely forward P T  L  A  R 

'Lift straight up on feed tray and place in safe position P T  L  A  R 

'If still locked, push opposite cover latch rod forward P T  L  A  R 

'Lift off feed tray and place in safe position P T  L  A  R 

| 5 I  REMOVE LEFT GUIDE ROD AND SFRING ASSEMBLY 

Insert tip of screwdriver into slot on left guide rod (?) T 
Push in on guide rod to compress spring P T 

Rotate guide rod CN/CCW until unlocked P T 

SJowly let out the guide rod and spring until tension 
is released P T  L  A  R 

Separate spring from guide rod P T  L  A  R 

* Indicates possible alternative actions required. 
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a 

a 

0 

REMOVli RIGHT GUIDH ROD ANÜ SPRING ASSCMBLY 

Insert tip of screwdriver into slot on right guide rod 

Push in on guide rod to compress the spring 

Rotate guide rod CW/CCW until unlocked 

Slowly let out the guide-rod and spring until tension 
is released 

Separate spring fron guide rod 

REMOVE BACKPUTE ASSEMBLY 

Grasp tip of manual firing trigger on backplate 

Pull up on trigger until backplate is removed from 
receiver 

REMOVE BARREL EXTENSION ASSEMBLY 

Brace the MG near front of receiver group 

Grasp charger handle and pull bolt completely rearward 

Depress the buffer support lever and hold 

Slide the barrel extension rearward until removed from 
receiver 

REMOVE BREECHBLOCK FROM BARREL EXTENSION 

Slide breechblock left to center position and lift up and 
out 

REMOVE CHARGER ASSEMBLY 

Insert screwdriver under "C" ring 

Pry off "C" ring from rear mounting stud 

Pull assembly away from studs and lift off 

REMOVE CHARGER MOUNTING STUD 

Slide stud fully forward and lift out 

P T L A R 

»■' T L A R 

P T L A R 

P T L A R 

P T L A R 

Q}   T  L  A  R 

P  T  L  A  R 

© 

© 

© 

P ) T  L 

P  T  L 

R 
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TASK:  AüsiMHLY OF M219 MAGIl.Nli UN 

INSTALL CilARGUR MOUNTING STUD 

IMaco circle and of stud onto rai.1 in slot below cover   C?)   T  L  A  K 
latch rod ^^ 

Slide mounting stud full/ rearward P  T  L  A  :i 

INSTALL CilARGCR ASSUMBLY 

Hook half-moor cut of assembly onto buffer pivot pin     (?)   T  L  A  U 

Insert hole at opposite end of assembly onto charger 
mounting stud P  T  L  A  R 

Insert open end of "C" clip between charger mounting stud  P  T  L  A  R 
and assembly 

Slid- retaining clip up onto stud until locked P  T  L  A  R 

INSTALL BRUl-CHBLOCK INTO BARRGL EXTENSION 

Align lot't top edge of breechblock with center of barrel ^ 
extension camways (PJ  T  L  A  R 

Lower into camways and slide fully to right edge of 
extension P  T  L  A  R 

INSTALL BARREL EXTENSION ASSEMBLY INTO RECEIVER 

Align the front of assembly with top-rear edge of receiver P  T (L)   A  R 

Place grooved edges of assembly onto rails at receiver and 
and slide slightly forward P  T  L  A 

Slide breechblock completely to the right of extension    P  T L   C\ 

Depress buffer support lever and hold CvJ   T  L fA 

Push fully forward on assembly until it locks in receiver  P  T  L 

INSTALL BACKPLATB ASSEMBLY 

Align bottom edge of backplate with top rear of receiver {PJ   T  I  A 

Place grooved edge of backplate with top rear of receiver  P  T  L  A  R 
and slide fully down 

R 
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Q 

j |J INSTALL LEFT GUIUli ROD AND SPRING ASSEMBLY 

Insert guide rod spring through hole on left side of      P  T  L  A  R 
luckplate 

Insert guide rod through spring in backplatc P  T  L  A  R 

•Insert guide rod into spring and slide into hole on left 
side of backplatc P  T  L  A  R 

Insert tip of screwdriver into slot on guide rod P  T  L  A  R 

Push guide rod completely forward and rotate CM/CCN ^-v 
until locked in position (left side of "V" is formed)     P  T  L ^A^) R 

INSTALL RICtrr GUIDE ROD AND SPRING ASSEMBLY 

Insert guide rod spring through hole on right side of 
backplate P  T  L  A  R 

Insert guide rod through spring in backplate P  T  L  A  R 

•Insert guide rod into spring tnd slide into hole on right 
side of backplate 

Insert tip of screwdriver into slot on guide rod P  T  L  A  R 

Push guide rod completely forward and rotate CW/CCK* /^-N 
until locked in position (ri^ht side of "V" is formed)    P  T  L  A (R) 

I tj INSTALL FEED TRAY GROUP 

Align left side o(  feed tray with center brackets at top f>. 
edge of receiver (p) T 

Insert feedtray "hinges" onto cover latch rod until seated P  T 

•If not seated, push in on cover latch rod until it locks 
forward P  T 

'Insert feed tray "hinges" onto cover latch rod until seated P  T  I 

1, A R 
L A R 

L A K 

L A R 

H  IN* INSTALL COVER ASSEMBLY 

Align left side of cover with outer brackets at top edges 

© of receiver \fj   T     L      A      R 

Insert "hinges" on cover onto cover  lavoh rods and depress 
until  locked P     T     L      A      R 

•If not locked, push in on cover latch rod until it lock»     ^. 
forward (?)   T     L     A      R 

*  Indicates possible alterantive actions required. 
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10 INSTALL MMll  INTO UAKKUL JACKET ASSEMBLY 

Insert front of barrel into rear of jacket assembly and 
slide forward 

Rotate barrel until "locator" is aligned with barrel 
jacket 

Slide barrel (and locator) full/ forward into jacket 
assembl/ 

© T  L  A  K 

P  T  L  A  R 

P  T  L  A  R 

0 INSTALL BARRCL JACKET ASSEMBLY ONTO RECEIVER 

Insert right connector of barrel jacket onto right 
mounting stud P 

Pull back on left disconnector ring and hold P 

Rotate barrel jacket assembly completely CCW P 

Release disconnector ring to lock barrel jacket assembly   P 

•Align connector holes on barrel jacket assembly with 
mounting studs P 

#Snap barrel jacket assembly onto receiver until it locks   P 

T 

T 

L 

L 

A 

A 

K 

R 
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TASK:  CONDUCT A FUNCTION CHECK 

[T|  PLACE TUB MG SAFETY IN FIRE POSITION 

Slide trigger safety to left until "F" show» on backplate ^M T  L OOQ^) 

liANDCUARGE THE MG a 

Q] 

Grasp charger handle and pull fully rearward until bolt 

. 

119 

lock» (?)   T     L      A      R 

m      PLACE MG SAFETY IN SAFE POSITION 

Slide trigger »afety to left until "S" »how» on backplate   QPJ   TLA   Q^ 

"FIREM THE MG 

Pu»h manual firing trigger forward (j|)   T     L     A     R 

[T]      PUCE THE MG SAFETY IN FIRE POSITION 

Slide trigger »afety to left until "P" »how» on backplate   (p)   T     L     A     R 

[T|      "FIRE" THE MG 

Pull the charger handle until chain i» tightened P     T     L   UW   R 

Pu»h manual firing trigger forward P     T     L   (A)   R 

Ueleaae charger handle »lowly until bolt i» fully forward     P     T     L   (V)   R 

ITl      PUCE MG SAFETY IN SAFE 

Slide trigger »afety to left until "S" »how» on backplate   {PJ  T     L     A   Q^ 



[ il 

u 
n 

TASK: APPLYING IMMEDIATE ACTION ON A N219 MACJIINE GL'N STOPPAG1 

WAIT FOR HANGFIRE 

Wait 5 seconds for weapon stoppage to clear P  T  L 

HANDCJiARGli HIE MC 

Grasp charger handle and pull fully rearward until bolt 
lockt P  T  L 

ISSUE FIRE COMMAND ELEMENT 

Announce "UP" f 

WAIT FUR HANGFIRE/COOKOFF 

Wait S seconds for weapon stoppage to clear P  T  L 

HANDCHARGE THE MC 

Grasp charger handle and pull fully rearward until bolt 
locks P  T  L 

PLACE MC SAFETY IN SAFE POSITION 

©0 

T      L      A      R 

0© 

0 • 

Slide trigger safety to left until "S" shows on backplate  M>)   TLA  MU 

3 

0 

1 

RAISE THE COVER ASSEMBLY 

Push in on cover latch rod and hold aoaentarily 

Lift up on cover and rotate CW until fully open 

REMOVE AAWO BELT 

Grasp anno belt near receiver 

Pull out and up on belt until reooved 

RAISE THE FEED TRAY GROUP 

Lift up on feed tray and rotate fully CW until open 

•If locked, push the cover latch rod fully forward 

•Lift up on feed tray and rotate fully CW until open 

CLEAR MG OF AMYO/OBSTRUCTION 

Renove live or spent cartridges/links fron MC 

0 T 

P  T 

L A  R 

A  R 

P 

P 

T 

T 

L 

L 

A  R 

A  R 

P 

P 

P 

T 

T 

T 

L 

L 

L 

A R 

A R 

A  R 

P  T  L  A  R 

Indicates possible alternative actions required 
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PLACl: MG SAFETY IN FIRU POSITION 

Slide trigger safety to right until "F" shows on backplateMM T  L {KJ 

I UNO FUNCTION TliU NG 

© Hold charger handle fully rearward { P)   T 

Depress the manual firing trigger P  T 

Release charger handle slowly until bolt is fully forward  P  T 

Grasp charger handle and pull back until bolt locks to 
the rear P  T  L  A  R 

PLACL MG SAFETY IN SAFE POSITION 

Slide trigger safety to left until "S"  shows on backplate (V) T 

LOWER THE FEED TRAY GROUP 

Rotate feed tray down until it locks in position 

*If unlocked, push the cover latch rod fully forward 

•Push down on feed tray until it locks in position 

P T 

P T 

P  T 

L  A 

L 

L 

L 

© 

A R 

A R 

A  R 

na 

LOAD THE MG 

Place ammo belt in feed tray 

Slide ammo belt to feed slot 

Hold ammo in place 

Rotate the cover down until it locks in position 

P T 

P T 

P     T 

T © 
PUCE THE MG SAFETY IN FIRE POSITION 

Slide trigger safety to right until "F" shows on backplate(jy 

ISSUE FIRE COMMAND ELEMENT 

Announce "UP" and observe MG firing 

L Q R 

L      A R 

L      A R 

L      A R 

TLA © 

P      T      L      A      R 
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Table H-l 

Relationship Between BO Teat Performance and Prior AVS 
Test Performance on Coaxial Machine Gun (1173/219) Tasks 

Task 

HO Test PerforaanCe   Combined HO Test Performance 

Fail  Pass Fail  Pass 

Clearaing 
AVS Pass 
Borderline 
AVS Fail 

Disassembly 
AVS Pass 
Borderline 
AVS Fail 

Assembly 
AVS Pass 
Borderline 
AVS Fail 

Function Check 
AVS Pass . 
Borderline 
AVS Fail 

1 

Stoppage 
AVS Pass . 
Borderline 
AVS Fail 

0 
0 
5 

1 
1 
2 

1 
0 

0 
0 
1 

0 
1 
2 

3 
2 
7 

9 
2 
2 

14 
2 
0 

13 
0 
3 

7 
4 
3 

0 
0 
7 

0 
0 
1 

2 
4 
V 

13 
2 
1 

One AVS test error in Borderline group for individual HO tests, 
or one-two errors for combined tests. 
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